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Introduction 
The Asian Fish Nutrition Network is very pleased that in January 1993 it was able to conduct 
the Fifth Workshop on Fish Nutrition Research in A~ia at Udom Thani in north-east Thailand. 
Former workshops were he ld in a rural selling and this time Udorn Thani was chosen because it is 
an area where small-scale aquaculture is beginn ing to take off. This volume details the proceedings 
or the workshop. 
The proceedings retlcct current ongoing research in nutrition in relation to finfi h culture. Over 
the years, through the efforts of the network, there has been a gradual change in research strategy: 
emphasis has turned to on-farm research in relation to semi-intensive culture systems, which is by 
far the most predominant form of culture in the region and for rhat matter in the world. lt is hoped 
that in the en uing years a healthy mix of basic and applied research into fish nutrition in the region 
will benefit the fish farming community, particu larly rural. smaJ l-scale farmers. for whom 
aquaculture provides not only an additional source of income but also represent a very significant 
source of an imal protein in their diet. 
J am gratefu l to all sessional chairpersons, mpporteurs and referees, and in partic ul ar lo Dr 
Santosh P . Lall , Dr Kok Leong Wee and Dr (Ms) Mali Boonyaratpali n for acti ng as resource 
people. A speciaJ vote of thanks is extended to Dr Armaratne Yakkupitiyage for taking care of the 
organizational logistics and Mr Mick Taylor and his team of the Aquacu lture Outreach Programme 




Summary of the Discussions 
The workshop was divided into eight main sessions in which review papers were presented 
and which also included original papers in that area of research . This summary detai ls the main 
points that were discussed. 
I . Problems of Translation of Laboratory Finding into Practice 
It was evident that the problem of putting laboratory findings into practice mostly centred 
around d iet development, and were variable from coumry co country. ln most in Lance 
the laboratory-developed diecs were no t adopted by farmer/feed manufacturers and 
generally when adopted there was a time-lag of 6-10 years. 
It was agreed that the degree of transla tion and the problems associated thereof varied 
according to the: 
(a) social conditions; 
(b) intensification of aquaculture in the country/region: and 
(c) reputation o f the institution. 
Ct was also fell that. more often than not. the direct benefic iarie::- of nutrition re earch, 
particularly in diet development, were feed millers. The need to test developed diets 'on-
fa1m · was stressed. 
There was general reiteration by the workshop that for emi-intensive culture practices the 
most logical approach to diet development would be a ' bortom-up' approach whereby diet 
development is made around existing farming practices, using ingredients that are familiar 
to the community. 
2. On-Farm Nutrition Research 
lt was agreetl that there is a serious dearth of on-farm nutritional research in the region. 
As a consequence our knowledge of some of the common farming practices. and hence 
ways of improving and sustaining such practice in the long-term may become a 
problem. Particul ar areas in which we need to further research actively are: 
(a) effect of fe rtili zers on nutrient Lirnitution in semi-intensive systems; 
(b) nutritional input from natural/endogenous food to target species: and 
(c) nutrition requirements of target species under vary ing supplementary feeding and 
fertilizatio n regimes. 
The scope of methodology for execution of on-farm nutrition research in semi-intensive 
sy terns wa considered in outline and major problems encoun1ered in respect of such 
methodologie were discussed. 
The group was of the view that a manuaJ encompass ing these methodologies needs to be 
published which will ensure to some degree at least ·tandardization of the techniques and 
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lherefore comparison of findings from different farming systems, or similar farming 
systems in different countries made more meaningful. 
3. Farm-Made Feeds 
The role of farm-made feeds in rural aquacullure in Asia was discus ed. It was pointed 
out that this topic was addressed at a recent workshop conducted by FAO-RAPNAADCP 
in Bangkok in December 1992, when the extent and effectiveness of on-farm made feeds 
in Asian aquaculture was dealt with. The partic ipants noted that research effort needs to 
be expended on on-farm made feeds, which are essent ially supplemental feeds, and that 
initially such research should concentrate on the degree of uti lizability of such feeds by 
target species and quantify the direct nutritional gain from such feeds to target species. 1t 
was felt that some of this research can be linked to that dealt with earlier. pai1icularly diet 
development based on existing farming practices and effectiveness of supplementary 
feeds in semi-intensive aquaculture. 
(The proceedings of the workshop on on-farm made aquafeeds have since been 
published, and the reference is: 
New, M.B. , A.G.J. Tacon and I. Csavas (eds.), 1992. Farm-Made Aquafeeds. 14-18 
December 1992. Bangkok, Thailand: FAO-RAPNAADCP. 
4. Laboratory-based Research 
The di. cussion endorsed that in general there had been an improvement in methodologies 
adopted, and that the findings of different researchers are becoming comparable. The 
group also noted that there had been a significant increase in the number of fish nutrition 
publications in peer-reviewed journals, and the positive role played by the nutrition 
network in this regard was acknowledged. It was evident that nutrition researchers in the 
region are e mbarking increasingly on energetics tudies of commonly cultured tropical 
species; this crend is welcome. However, the group noted that laboratories embarking on 
such studies should not only be properly equipped but also the researchers should have a 
sound background/training in fish energetics. The group did not think that this was a 
major problem and noted that such research in the region was perhaps going lhrough a 
metamorphosis as much as nutrient requirement studies and digestibility studies were 
about a decade ago. 
5 . Workshop Format 
All parricipants were in agreement that holding the workshops in a ' rural aquaculture ' 
setting was good, and that it should be continued. The gene ral format of the workshop, 
inc luding having the field trip midway through the workshop, was endorsed. However, 
participants pointed out that time aJlotted for discussion of inuividual presentations should 
be ex tended. and each session should be followed up with a general discussion on that 
specific area of research. 
The plan to have a training programme immediately following the workshop was 
welcomed. It was suggested that such workshops should endeavour to bring together 
'new' nutrition researchers of the host country , as much as possible, so that such 
researchers would not only gain from the course but also from the opportunity to interact 
more closely with senior and experienced nutrition researchers of the region as well as the 
re, ource persons. 
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Abs tract 
The free ci..scnlial amino acid levels in muscle of young ile 1ilapia after feeding graded amounts or a 
rorresponding test amino acid were measured in nine \Cparate experiments to determine if l'rec amino acids 
indicate requirements for growth. Data were unn lyted by the broken line regression method. Breakpoints 
ror free thre1)ninc and free isolcucine were near the threonine and i oleucine requirements for growth . 
Breakpoints for free lysine, free histidine. and free v:ilinc were much higher than the lysine. histidine. 
::irnJ viillne requirement s f'or growth. respectively . Level~ nf' 01.her free essential amino ;iciu~ in musc le 
behaved erratically or increased linearly as the diet::iry tcM amino acid increasetl. Aminl) m:id rcquirementS 
as eslimatetl hy levels of free essential amino :icids in muscle did not consi~tently conlinn amino acid 
requirements fflr growth of Nile tilapia. 
Introduction 
The amino acid requirements of most warmwater fishes studjed so far were determined by 
reeding amino acid test diets for a certain length of time and measuring growth response (Harding 
et al. 1977; Wi Ison ct al. 1977. 1978, 1980; Nose 1979; Robinson et al. I 980a, 198 I ; NRC 1983; 
Santiago and Love ll 1988; Borlongan and Benitez 1990; Borlongan 1991 ; R<.1vi and Oevaraj 1991 ). 
Serum or plasma free ami no acids were also mea urcd to confirm the requirements for some 
essential amino acids in rish (Harding et al. 1977, Wilson et al. 1978; Hughes et al. I 983) in the 
same manner a. levels of plasma free amino acids were used as indicators of amino acid 
requirements of the chick (Zimmerman and Scott 1965; Robbins et al 1977), pig (Mitchell et al. 
1968) and rat (Stockland et al. 1970). 
The purpose of the present study was to determine if muscle free e cmial amino acid levels 
a.re indicators of amino acid requ irements for growth of Ni le tilapia (Oreochrmnis niloticus). 
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Materials and Methods 
Experimental diets, design and fe eding 
Ten feeding experiments were conducted over an 18-month period. Each experiment consisted 
of seven dietary treatments, representing levels of the test amino acid, with three replicates each in 
a compJetely randomized design. Diet composition, preparation, and storage were as reported by 
Santiago and Lovell (1988). Vitamin-free casein and gelatin, the natural protein sources, were 
supplemented with crystaJline L-amino acids to provide an amino acid profile similar to that of 28% 
whole egg protein except for the test amino acid. The lowest level of the test amino acid came 
olely from the intact proteins. 
Young fish (13-87 mg body weight) were stocked randomly in 60-L aquaria at 45-100 per 
aquarium depending on the size and availabi lity of fish for each of the experiments. Equal number 
of fish per aquarium and fish of the same size were used in each experiment. The fish were fed as 
much as they would consume four times daily (at 0730, I 030, 1300, and 1600 hours) up to eight 
weeks. Growth was measured and amino acid requi rements based oo growth were determined 
(Santiago and Lovell 1988). 
Preparation of tissue extract for estimation of f ree amino acids 
Approximately 15- 33 fish in each replicate were killed 12-15 hours following the final 
feeding and the laterodorsal muscle on each side of the fish was removed. An equal number of fish 
was taken from each aquarium in the experiment. Muscle samples from all fish fed the same diet 
were pooled. A portion of the samples was dried for moisture determination and the remaining 
portion was used for muscle free amino acid analy is. 
Muscle tissues were prepared by modifying various procedures (Tallan el al. 1954: Gerritsen 
et al. 1965; Clark et al. 1966; Quinn and Fisher 1977). A known weight of muscle was frozen for 
about one hour, minced and homogenized. Ten percent 5-sulfosaJicylic acid was added to the 
samples. Samples were centrifuged twice in a refrigerated centrifuge for 30 minutes at 15 000 
rpm. Supematants of some samples were analyzed directly for free amino acids after dilution with 
0.2N citrate buffer of pH 2.2. Supernatants of other samples too dilute for direct analysis were 
freeze-dried and the residue was dissolved in an appropriate volume of the dilution buffer before 
analysis of free amino acids. Free amino acids were analyzed in a single-column automatic amino 
acid analyzer (Liquimat lI1) using Dionex DC-6 amino acid analysis resin and lithium citrate buffer 
system. Flow rate of buffers through the column was 20 rnL/hr. Separation of acidic, neutral and 
basic amino acids was performed at temperature setti ngs of 34, 59 and 67°C, respectively. Free 
amino ac id con-esponding to the test amino acid was identified on the basis of its position on the 
chromatogram and the amount was based on the area under the curve. 
Free amino acid levels were measured in muscle instead of blood becau e the amount of blood 
that could be collected from fish at the end of the experiments was too small for analysis. In land 
animals, there is evidence that substantial exchange of plasma and muscle free amino acids occurs 
with no net changes in uptake or output of plasma amino acids by mu cle (Lindsay and Buttery 
1980). Kaushik (1979) obtained a similar pattern of changes in free arginine levels, in blood and 
muscle of rainbow trout fed different levels of dietary arginine. Thus it was presumed that the same 
is true for Nile tilapia. 
Statistical methods 
Data on free essential amino acids were subjecced to one-way analy is of variance and the 
means were compared by Duncan's new multiple range lest. Regression of muscle free amino acid 
level on dietary amino acid level was done using the broken line regression model (Brookes et al. 
I 972; Robbins et aJ. 1979; Zeitoun et al. 1976). Linear and quadratic regressions were also tried to 
determine the best fitted lines. 
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Results and Discussion 
Lysin e 
There was an increase in muscle free lysine as dietary lysine increased (Table l ). Marked 
increases occurred at 1.6 and 1.9% dietary lysine. Statistical analysis by the broken line regression 
method showed a breakpoint at 1.83% lysine which is higher than the requirement for growth 
( 1.43% of the diet or 5.12% of dietary protein; Santiago and Lovell 1988). 
Lysine requirement of channel catfish (lcralurus pun.ctatus) based on growth was at first 
confirmed by serum free lysine (Wilson et al. 1977) but, in a subsequent study, serum free lys ine 
provided little indication of the Jysine requirement (Robinson et al. l 980b). Free lysine in the 
plasma of growing rats remained at low levels when lysine in the diet was growth-limiting. but 
when dietary lysine was in excess of that required for maximum growth, plasma free lys ine 
accurnuJated in a rapid and linear manner (Stockland et al. 1970). A similar pattern of changes in 
free lysine was likewise observed in the chick (Zimmerman and Scott 1965). 
Tabk I . Free lysine. arginine and histidine in muscle (µ moles/g dry muscle) or young Nile 
tilapia fed varying levels of lysine. arginine and histidine* 
LYSlNE ARGININE HISTIDINE 
'}f dry Free % dry Free % dry Free 
diet Lys diet Arg diet llis 
1. I 3.48d 0.6 0.4 I c 0.2 2.7 le 
J.3 4.04d 0.8 0.62bc 0 .3 3.87u 
1.4 5.oocd 1.0 0.6JbC OA 4.7oc 
15 6.6oc 1.1 o .s4hc 0.5 s.o6c 
I .6 9.73h 1.4 l .1 2ab 0.6 S.95b 
I 7 11.01 ab I . (1 ugab 0 .7 :u3C 
1.9 12.303 I. R I .7oa o.s 9.643 
I< Column means followed by a common superscript arc not significantly different (p>0.05). 
A.rginine and histidine 
Free arginine in muscle increased linearly wilh increasing dietary levels of the amino acids and 
did not indicate requirements for growth (Table l ). The breakpoint for free histidine was at 0.59% 
of the diet which is higher than the requirement for growth (0.48% of the diet or l.72% of the 
protein) as reported by Santiago and Lovell (1988). Similarly. serum free arginine and histjdine 
were not good indicators of arginine and histidine requirements in channel catfish (Robinson et al. 
1981; Wilson el al. 1980). However. Kaushik ( 1979) reported earl ier that the biochemical 
estimation of the variations of free arginine levels corroborates the growth studies on arginine 
requirement of rainbow trout. A more recent srudy showed that plasma and muscle free arginine 
levels did not increase markedly when the arginine requirement was met based on growth response 
(Kaushjk et al. 1988). In the chjck, Robbins et al. (1977) observed that plasma free histidine 
concentration was an indicator of the histidine requirement for growth. 
Threonine 
Free threonine increased up to 1.0% dietary threonine. decreased slightly at 1.2% and 
inc reased at 1.6% (Table 2). The broken l ine method showed a breakpoint at 1.1 % threonine 
which is near the requirement of Nile ti lapia for growth (1.05% of the diet or 3.75% of protein; 
Santi age> and Lovell 1988). Threonine requirement of channel catfish determined by growth was 
likewise confirmed by serum free threonine (Wilson ec al. 1978). 
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Table 2. Free rhreonine, phenylalanine and tyrosine, and methionine in muscle (µmoles/g dry muscle) of young 
Nile tilapia fed varying levels of threonine, phenylalanine, and methionine* 
THREONINE PHENYLALANINE** METHIONINE*** 
% dry Free %dry Free Free %dry Free 
diet Tur diet Phe l'yr diet Met 
0.2 1.sof 0. 6 0.28c o.23b 0. 15 trace 
0. 4 2.JSC 0.8 0.36b 0.24b 0.35 0.14d 
0 .6 J .22d 1.0 0.38b 0.263 b 0.55 0.23c 
0.8 5.32c 1.2 0.40b 0.263 b 0.75 0 .38b 
1.0 6.93b 1.4 o.4ob o.29ab 0.95 0.53a 
1.2 6.74b l.6 0.44b o.2s3 b I. J 5 0 .4ob 
1.6 7.573 1.8 o.573 0.303 1.35 0.4 1 b 
* Column means followed by a common superscript arc not signiflc::mtly different (p>0.05). 
** Dry dieL contained 0.5% tyrosine. ••• Dry diet contained 0.15% cystine . 
Phenylalanine and methionine 
Free phenylaJanjne and tryosine levels increased linearly as the dietary level of phenylalanine 
increased (Table 2) and did not reflect phenylaJanine requirement. Free methionine levels did not 
indicate methjonine requirement for growth. Free cy tine was hardly detectable, probably due to 
the low dietary cystine level. It is possible that, due to the interrelationships of phenylalanine and 
tyrosine and of methionine and cystine, requirements for these amino ac ids may not be easily 
predicted using data on free amino acids. ln growing rats, plasma free tyrosine was a much better 
indjcator of dietary adequacy of phenylalanine plus tyro ine than plasma free phenylalanine alone 
(Stockland et aJ. 1971 ). Jn channel catfish, neither free phenylalanine nor free tyrosine in the serum 
could be used to predict requirement for phenylalanine plus tyrosine (Robinson et al. l 980a). 
However, methionine requirement of channel catfish as estimated by analysis of serum free 
methionine was similar to the level required for growth (Harrung et al. 1977). 
Trible 3. Free lcucine, isoleucine and valine in muscle (µmoles/g dry muscle) of young Nile tilapia led 
varying levels of leucine and isoleucine* 
LEU CINE ISOLEUCJNE 
%dry Pree Free Free % dry Free Free Free 
diet Leu lie Val di el lie Leu Val 
0.6 o.2sd 0.3 Id I .06bc 0.4 o.09d o.26ct 0.46b 
0.7 0.J5C o.6ob L66a o.s 0 .36bc 0.38c 0.49b 
0.8 0.36c 0.763 1.ssa 0 .6 0 .32c 0.4JC o.ssb 
0 .9 o.21d 0.26d usb 0 .7 0.4 labc Q,57b 0.84a 
1.0 0.49b 0.42c 1.27b 0.8 ()_47ab 0.753 0.96a 
I . I 0. 26d 0.23d 0.9oc 0 .9 0.4sah o.6ob 0.84a 
1.2 o.ssa o.28d 0.9JC I. I 0.51" 0.78a 0.99a 
* Column means followed by a common superscript are not significantly different (p>0.05) 
Leucine, isoleucine and valine 
Muscle free leucine levels changed erratically with increa ing dietary Jeucine (Table 3). This is 
unlike channel catfish in which serum leucine remained constant regardless of dietary leucine intake 
(Wilson et al. 1980), but like channel catfish in that free isoleucine and valine were low initially 
and then increased considerably up to 0.8% dietary leuc ine in the present study and then decreased 
at higher levels of the test amino acid. 
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Free isoleucine in the muscle increased with the levels of isoleucine in the diet (Table 3). 
Statistical analysis by the broken line method showed breakpoint at 0.8% dietary isoleucine. The 
breakpoint is near the isoleucine requirement of Nile tilapia (0.87% of the diet or 3.1 1 % of dietary 
protein) decermjned by growth (Santiago and Lovell l988). Free Jeucine and free valine levels also 
showed breakpoints at 0.89 and 0.85% dietary isoleucine, respectively. which are near the 
isoleucine requirement for growth. fn channel catfish, serum free isoleucine. free leucine, and free 
valine increased with increasing dietary isoleucine and the data did not confirm the requirement 
ba~ed on growth (Wilson et al. 1980). 
As dietary valine increased, there was a co1Tesponding increase in muscle free valine in Nile 
tilapia but no considerable change in muscle free isoleucine (Table 4) . However, changes in free 
leucine were variable . T uttl e and Balloun ( 1976) also observed that dietary valine caused a 
significant linear increase in plasma valine but no effect on plasma isoleucine in turkey poults. In 
channel catfish, serum free valine remained statistically the same over the range of dietary valine 
tested and free Jeucine and free isoleucine concentrations paraJleled that of free valine (Wilson et al. 
1980). Plasma free valine has been reported to indicate the requirement of Jake trout for valine 
(Hughes et al. 1983). Regression analysis of muscle free vaJ ine io the present study showed a 
breakpoint at l . l % dietary valine which is much higher than the requirement for growth (0.78% of 
the diet or 2.80% of protein) (Santiago and Lovell I 988). 
Tryptopha11 
Table 4. Free valinc. leucine anti i.solcucinc in rnusclc (µmolcs/g dry 
muscle) of young Nile tilapia fed varying levels of val inc* 
VALINE 
% dry Free Pree Pree 
diet Val lie Leu 
0.4 OYJf 0.49a 0.74b 
0.6 0.68e 0.493 0.76b 
0.8 0.73d 0.43a 0.54e 
0.9 o.nc 0.48a 0. 74b 
1.0 0.96b 0.45a 0.67c 
1.2 0.'>8b 0.41" 059d 
IA 1.053 0.45a O.ft3 3 
* Column means fo llowed hy a common supcrscdpl are not 
significamly different (p>0.05) 
Free tryptophan could not be measured in the present study. Nevertheless, Walton et al. 
(1984) were un uccessful in estimating the tryptophan requirement of rainbow trout on the basis of 
plasma free tryptophan levels. 
General Discussion 
It appears from the foregoing that measurement of the levels of free amino acids in senun and 
muscle tissue as a basis fo r estimating amino acid requirements has given variable results with fish. 
The method has been used to confirm results of growth trials but not as the sole basis for 
estimating the required levels of essent ial amino acids. It is probable because a number of factors 
innucnce free amino acid level in muscle and plasma, such as dietary level (Morrison et al. 
l 96 l a&h). dieta.iy predecessors (Kaushik 1979; Morrison et al. 196 lb; Plakas et al. 1980; Yamada 
et al. I 982 ), duration of experiment (Mitchell et al. l 968), feeding methods (Stockland et al. 
1970), the Lime interval between the last feeding and sampling (Mitchell et al. 1968~ Plakas et al. 
1980), and interaclions among amino acids (Tut1le and Balloun 1976). 
In carp fed casein and amino acid diets, plasma free essential amino acids generally reached 
maximum levels four hours after feeding and then declined below the prefeeding values by 16 
hours (Plakas ct al. 1980). Tn Nile tilapia fed a casein diet , Yamada et al. (1982) found that free 
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essentjaJ amino acids reached maximum levels 4 hours after feeding and then declined to fast ing 
levels within 24 hours. On the other hand, free essential amjno acids in plasma of fish fed an 
amino acid diet attained their peak levels at 2 hours and returned to fasting levels in 4-8 hours. In 
the present study, Nile tilapia were fed diets consisting of a mixture of casein. gelatin , and 
crystalline amino acids and the fish were sacrificed 12- 15 hours after the last feeding. Thus within 
this period the free amino acids may have increased initially, then subsequently decreased to fasting 
levels. 
Among the free essential amino acids measured, only free threonine and free isoleucine 
indicated the amino acid requirements for growth of Nile tiJapia. 
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Abstract 
A feeding experiment on juvc11ilc Chinese prawn (/'. c/1i11e11.1·is) was conduc~ed for a .32-day periou 
with four experimental diets addcu with I% highly purified w-3 an<I w-6 fatty acids (Linofcic I 8:2(J)(>. 
L1nofenic I ~:'.lm3. nrachidonit 20:4w6, and docosuhcxcnoic acid 22:6(1)3) respectively and a control Jict 
which l'Ontained 5% palrniLic acid ( 16:0) and olcic acid ( 18: 1 (J}9) mixture. Prawns fed the diet containing 
1 % of dorosahcxenoic acid (2:!:6(1)3. DI IA) with 4% or 16:0. 18: I ro9 mixture had the highest survival 
r;Hc. molting frequency and weight gain. The results indicate that DHA has the highest EPA vu luc for 
juvenile Chinese prawn. Comparisons were made bcLween wilu and cultured Chinese prawn for fatly acid 
composilion. There are large proportitrns of w-3 polyunsaturated fut\Y ;J<:ids in both group$ sugge~ting 
1h:1t surplemcntation with oils rich in DI IA in :.Jrtiticial diw. I~ l ikely to improve production. 
Introduction 
World shrimp culture has developed rapidly during the past two decades. In China, marine 
shrimp culture has developed rapidly since 1978. Chinese prawn (Penaeus clzinensis) is a preferred 
pecics for mariculture in China, and China has become the leading shrimp producer in the world. 
With this increasing development, well-balanced formulated shrimp feed becomes increasingly 
important for future shrimp f<u-rning operations. 
From a nutritional point of view, it has been shown that some mru-ine fish and crustaceans lack 
the ability to synthesize w-6 and w-3 series fatty acids de nova to maintain thei r biological and 
physiological funct ions (Castell et al. 1972; Watanabe el al. 1974; Fujii and Yone 1976; Kanazawa 
et al. 1979; Yu and Shinnhuber 1977). It has been demonstrated that both w-6 and w-3 series fatty 
acids are essenti al for normal growth and survival in several penaeid spec ies (Bottino et al. 1980: 
Colvi n et al. 1976; Kayama et al. 1980). 
The purpose of thi s study was to evaluate relative EFA value of 18:2ro6, 18 :3w3. 20:4(J)6 and 
22:6(J)3 for the prawn Penaeus chinensis. 
10 
Materials and Methods 
Prawn 
Juvenile Chinese prawn were obtained from Jiao Nan hatchery station in Jiao Nan county. On 
arrival in the laboratory, they were acclimated for l 0 days and reared on clam meat, and the prawns 
(0.4- 0.5 g in body weight , 2.5-3.0 cm in length) were divided into 30 groups and maintained on 
one of five purified diets for 32 days. 
Test diets 
The five experimental diets were formulated and prepared to contain the same nutrients except 
fo r l % of the fatty acid that was to be tested. The basal diet ingredients are shown in Table l. The 
composition of supplementing fatty acids added to the basal diet is shown in Table 2. All lipid-
containing ingredients, such as crab prote in concentrate, gelatin, corn starch, dextrin and cellufil 
were solvent-extracted prior to making the basal mixture to remove any trace of lipids. Each diet 
was sealed in a plastic bag flushed with nitrogen and frozen at -20°C until used for feeding. The 
fa tty acid levels of the experimental diets, as fed, are given in Table 3. 
Table I. Basal diet ingredients 
Ingredient 





Mincrnl mix (as in HFX CRD) 
Vitamin mix (as in HFX CRD) 
Cholestero l 
Vitamin E acetate 
Choline ch loride (70%) 
Experimental Lipid Mixture 












Tahle 2. Composition of supplementing fa tty acids incorporated into the basal diet.s 
Diet Nu I 8:2m6 18:30)3 20:4co6 22:6w3 16:0 + 18: I m9 
I j 0 0 0 2+2 
2 0 l 0 0 2+2 
3 () 0 I () 2+2 
4 0 () 0 I 2+2 
5 0 0 0 () 2.5 + 2.5 
Tuble 3. Fatty acid analysis of five experimental diets (%) 
Diet No 18:2ro6 l 8:3 ro3 20:4w6 22:6w3 16:0 + 18: I ro9 
I 25.4 0 0 0 74.5 
2 0 24.6 0 0 75.3 
3 0 () 22.7 0 74.1 
4 0 0 0 22.8 76.0 
5 0 0 0 0 100.0 
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Feeding method 
After acclimation, tbe juvenile prawns were randomly selected and divided into 30 groups. 
Each group con i ted of 4 individual prawns in a pecially made experimental cage with perforated 
dividers to prevent cannibalism. Thirty cages were di tributed in JO troughs (90 x 60 x 60 cm) 
supplied with running sea warer at the rate of 150 litres per day . The sea water was filtered through 
quartz sand. 4 high density fibre cartridge filters and activated carbon. There were six replicates (6 
cages, 24 individual prawns) for each dietary treatment. Each experimental group was fed 3 times 
daily. at 10% of their body weight initially, and reduced to 5% of the body weight by the end of 
the experiment. After the 32-day feeding, the weights and survival rate were determined for each 
treatment. Molting was recorded twice daily. 
Determination of fatty acids 
Fatty acid · of the hepatopancreas, muscle and ovary of wild and cultured prawn were 
analyzed. The five experimental diets and the prawn carcasses after feeding trials were analyzed for 
fatty acid compositions. The total lipids were extracted by the method of Bl igh and Dyer (1959). 
Methylation off atty acids was made by the improved method of Maeda et al. ( 1987). The mixture 
of the methyleste rs was analyzed using gas c hromatography. GC was performed with a H P 
5890JI-GC fitled with a flame ionization detec tor and capi ll ary co lumn (0.32 mm x 25 M 
Carbowax). 
Results 
The fatry acid composition of wild and cultured prawn is shown in Table 4. The major 
aLUrated fatty acid in P. chinensis is palmitic acid ( 16:0), the major monounsaturated fatty acids 
are o leic acid ( 18: I ro9) and palmitoleic acid (16: I co7). There are large proportions of ro-3 
polyunsaturated fatty acids in both wild and cultured prawn. But compared to cu1tured prawn, 
there is a higher proportion of DHA and a lower proportion of linoleic acid in the fatty acid 
compositions of wild prawn. The variation is likely to be due to different food items. 
T11hlc 4. A comparison of fatly acid composi tions between wild and cu ltured prawn (Ptmae11s c'1i11e11si.~) 
Ovary Hepatopancreas 
Fatly m:ids Cultured Cultured Wild Culwrcd Cultured Wild 
after after 
wintering UL* 111 wintering 111 Ill 
Cl4:0 1.3 l.3 l .6 l.3 2.7 2.6 
Cl6:0 17.J 16.9 16 .8 20.3 19.0 17 .6 
Cl6: 1(1)7 16 .5 14.9 20.2 llU 14. I 18.9 
Cl~:O 3. 3 4 . 1 2 .5 S.3 5.1 2.4 
Cl8: lco9 10.7 19.4 2~.5 21 .9 20.0 23.0 
CI ~ : 2tll6 5 .5 4 . 1 1.2 .i I I I) 0 .8 
Cl X:3wJ fl.9 l.O 1.0 I (1 I. I 0.5 
C.20: 1 <09 I. I 2.7 2.9 1. 3.8 9.0 
C20:4<•>6 4.0 2.8 IA ND*"" 3.0 3.0 
C20:5rn3 I 8.3 18.0 13. I 14.5 17.0 9.4 
C22:6wJ 1.8 6.6 7.0 3.0 3.6 3.8 
C22:6w3/C I 8:2ru6 0.327 1.609 5.833 0.732 1.894 4.75 
• 'fhc bronlistork fod d:im meal for 44 days atler wintering. GS! = R.0 











After the 32-day feeding tri al, the effects of dietary 18:2w6. 18:3ro3, 20:4ro6, and 22:6ro3 on 
survival rate, molting frequency and growth rate of Chinese prawn are shown in Tables 5 and 6 
and F igures 1 and 2. Prawns fed the control diet containing only 16:0 and 18: lw9 mixture with no 
EFA supplementation had poor survival , lower molting frequency, and did not grow. Addition of 
1 % of 18:2ro6 to the diet improved the weight gain and survival rate of the prawns (p<0.05), but 
the molting frequency was not improved. Prawns fed the diet supplemented with J % of l 8:3ro3 
showed remarkably improved growth, molting and survival rate (p<0 .01). Tables 5 and 6 and 
Figures 1 and 2 also show that additional l % of 20:4ro6 to the diet improved survival, molting and 
growth rate significantly. Prawns fed the diet containing I% of 22:6ro3 (DHA) had the best 
survival rate , molting frequency and weight gain among the four fatty acids supplemented in the 












0 6 0 
18:li>CS 18:3w.\ 20:4® 22:6ulJ EFA-Frec 18;2® 18:3Uil 20:4<iti 22:00>3 EPA-Free 
Experimental Diets Experimental Diets 
Figure 1. T he cffecl of(J) -3 and w-6 fo lly acids on 1he surv ival 
rale of Pe1weus Cfl i1u:nsis 
Pi[ture 2. The effect o f w-3 and oi-6 fatty acid$ on the grm\11h 
rate of Pe11ae11s c:hinensis 
T able .5. Effect of dietary ro-3 aml ro-6 fany adds on survival rate and mol ting 
frequency of Chinese prawn (Penae11s chinensis) 
Diet No Survival rate (%) Mo lt ing frequency 
I 12.5 3 
2 29.2 4 
3 63.0 5 
4 92.0 6 
5 4.0 3 
T able 6 . Effect of dietary (J}-3 and Cl)-6 fa Hy acids on the growth rate (% avr:rage i ncrease 
per day) of Chinese prawn (Pe11aeus clti11e11sis), average weight per prawn 
Weight (g) Growth rate (%) 
Diel No fni tial Final 
I 0.37 ± 0.27 0.67 ± O.D3 81 ± 8.02c 
2 0.38 ± 0.10 0.74 ± 0.14 95 ± 2 1.2bc 
3 0.45 ± 0. 19 0.99 ± 1.1 5 120 ± 6.44bc 
4 0.45± 0 .17 l.62 ± 0.23 260 ± 18.4 8 
5 0.45 ± 0, 10 0.62 ± 0.00 38 ± o.ood 
Values wi th the same superscripl in a column are not significantly different lp>0.05 or p>0.01) 
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Discussion 
Kanazawa el al. ( 1977. 1978, 1979) have reported that crustaceans such as P. japonirns lack 
the ability for de novo synthesis of 18:2ro6. J 8:3roJ. 20:5ro3 and 22:60>3. The results of the 
present study also indicate lhat juvenile Chinese prawn fed the control diet containing 5% of 16:0 
and 18: I ro9 mixture with no EPA supplementation suffered high mortality, did not grow and 
molted Jess frequenrly. Once the ro-3 and ro-6 HUFA from exogenous food sources become 
unavailable certain importnnt physiological and biochemical processes are inhibited. consequently 
resulting in high mortality. 
Kanazawa et al. ( 1979) demonstrated thal the addition of I 8:2co6 and I 8:3ro3 to the diet for P. 
jt1po11icus significantly improved the weight gain and !hat 18:3w3 of (J}-3 series was more effective. 
[n Chinese prawn audition of I% Ji noleic acid ( L8:2w6) to the diet improved survival and growth 
rate (p<0.05). but did not stimulate the molting frequency. However. the addition of l % linolenic 
acid ( I 8:3ro3) to the diet significantly improved survival, growth rate and, as well. the molting 
frequency (p<O.O I). The results indicate that linolenic acid (18:3ro3) has more EFA value than 
linoleic acid ( I 8:2ro6) for juvenile Chinese prawn. 
It is also evident that in Chinese prawn I% of arachidonic acid (20:4ro6) significantly 
improved survival and molting frequency, but the weight gain was only slightly better than that of 
prawns fed the diet containing I% of l 8:3m3. These results may indicate that 20:4ro6 might play an 
important role in promoting the molting mechanism of cru. taceans, but is no1 specifically growrh 
stimulating. 
The pre em study confirmed that the (J)-) and (J}-6 series fatry acids are c ential for the nonnal 
growth and survival of juvenile Chinese prawn and that the w-3 family of fatty acids have a greater 
EFA value than the (0-6 family of fatty acids in their diel. The nutritive value of DHA is the best 
among these four supplementing fatcy acids, suggesting that supplementation of some oils rich in 
OHA may benefit Chinese prawn production. 
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Abstract 
/\ 98-day growth trial was conducted to determine the qunmita11ve Jletary ascorbk add requirement 
of Indian major carp, Labeo ruhil(I ( llarnilton). fingerlings (mean weight 6.66 g; SD ± 0. 10) by feeding 
five test diets comaining graded levels of L-ascorbic acid (0. 10, 20, 50 and 100 mg/100 g dry diet). The 
perfonnances or 11sh fed diets witb and without ascorbic acid (ASA) were evaluated on the basis of their 
growth. survivabili ty. food conversion. protein utilization, b0dy com position, haematological 
pammcters such as hacmatocrit, haemoglobin. total erythrocyte and lcucocyte coums, ascorbic acid level 
and histopathological change in the liver. There was no sign ificant (p>O.OS) variat ion in growth. food 
conversion and protein utilization of fish fed different levels of ASA. Haemoglobin (Hb) content varied 
between 7.95 and 9.92 g/dL and was not signi ficantly (p>0.05) different. 1-laematocrit (PCV), total 
erythrocyte count (TEC) and total Jeucocyte count (TLC) varied significantly (p<0.05) and ranged between 
31.88 and 40.25%, 2.25 and 3.69 million/µL and 20.29 and J 1.69 thousand/µL respectively. There were 
decreasing trends or PCV, TEC and TLC values with increasing levels or ASA in the diets. No remarkable 
histopathological change was observed in the liver of test fish fed with diets containing various levels of 
ASA . No nlllioeable variation in the .-iscorbic acid level was observed in the liver, None of the fish died 
during the experimental period and fish fed ASA free 1.Het did not exhlblt any deficiency signs. 'rhe results 
of this swdy therefore indicate that this major carp specie~ may nol require any ascorbic add in their diet 
and may be capable of synthesizing it. 
Introduction 
Ascorbic acid or v itamin C is considered to be an essential nutrient for animal life. It is 
involved in many biological functions and its primary role is to act as a reducing agent (Masumoto 
er al. 199 1 ). A large number of animals are able to synthesize this vitamin and therefore, do not 
require this vitamin in their djets. However, the need for dietary ascorbic acid has been 
overwhelmingly demonstrated in most of the fish species studied (Tacon 199 l ). A review of the 
literature reveals lhat most of these studies are done on salmonid.s, channel catfish and Japanese 
shrimp. So far very little work has been done on fish species of the Indian region except on green 
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snakehead (Mahajan and Agrawal 1979, l 980b; Agrawal and Mahajan 1981 ) and Indian major 
carp, Cirrhinus mrigala (Mahajan and Agrawal l 980a). 
Quantitative requirements of ascorbic acid by fish for optimum growth vary among species 
and sizes of fish (Boonyaratpalin et al . 1989). The objective of the present study was therefore to 
investigate the quantitati ve dietary ascorbic acid requirement of Indian major carp, Labeo rohita 
(Hamilton). fingerl ings. 
Materials and Methods 
Five isonitrogenous and isoenergetic test diets were prepared with graded levels (0, l 0, 20, 50 
and 100 rng/100 g dry diet) of L-ascorbic acid (BDH Chemicals Ltd, Poole, England) to determine 
the quantitative dieta ry ascorbic acid requ irement of L. rolzita. Caesin was used as the dietary 
protein source and dextrin and soluble starch ( 1 :0.8) were used as the source of dietary 
carbohydrate. 
AJl the diets were formulated to contain 28% protein, 9% lipid and 9% crude fibre. The 
formulation and proximate composition of the experimental die ts are presented in Table l . The 
required quantity of ascorbic acid was dissolved in distilled water and sprayed into the dietary 
ingredients. The ingredients were then thoroughly mixed and the requi red quantity of water was 
added. The diets were prepared as described previously (Hasan et al. 1989) in batches to minimize 
the loss of ASA during storage. 
Table I . Diet composi tion (% dry weight) with various levels of L-ascorbic acid (mg/ 100 g diet) 
Diets I 2 3 4 5 
Caesin 36 36 36 36 36 
Dextrin 20 20 20 20 20 
Starch (soluble) 16 16 16 J 6 16 
Soybean oil 6 Ci 6 6 6 
Cod liver oil 3 3 3 3 3 
Vitamin premix a 2 2 2 2 2 
Mineral premix b 4 4 4 4 4 
a-cellulose 9 9 \) 9 9 
Binder c 4 4 4 4 4 
L-ascorbic acid 0 10 10 50 100 
Ana lyzed compos itio n 
Crude protein 28.06 27.78 '28.13 27.93 27. 22 
Crude lipid 9. 12 9. 14 8.26 8.52 8.07 
Ash 5.27 5.02 5.55 5.94 '.'i.12 
a Embavit-GS (a$COrbic acid free vilamin and trace mineral mixture. Rhone-Poulenc Bangladesh Ltd) 
b g/I 00 g mix. sodium chloride 4.35, magnesium sulphate 13.70, sodium bi phosphate 8. 72. potas5ium 
phosphate (diba~ic) 23.98. calcium biphosphate 13.58, ferric citrate 2.97 and calcium lactate 32.70 
c So<.lium carhoxymcthyl cellulose. 
An indoor laboratory static rearing system was used for the growth trial. Ninety , six-litre 
capacity rectangular glass aquaria containing 80 litres of water were used as experimental tanks. In 
each tank a 200-W thermostatic heater (Aquarium System. Ohio, USA) and artificial aeration were 
used to maintain the required temperature and dissolved oxygen concentration respectively. The 
major carp fingerlings were purchased from a local fish vendor. Prior to the experiment, the 
fingerlings were acclimated to laboratory condjtions for 30 days. Towards the end of the 
acclimation period, fish fingerlings were fed the control test diet (diet l) to accustom them to a 
purified diet. 
Fish fingerlings (mean weight 6.66 g; SD± 0.10) were randomly distributed at the rate of 
twenty fish per tank with rwo replications for each treatment. A1J fish were fed twice daily at 0800 
and 1700 hrs at a feeding rate of 3-5% body weight per day during the entire experimental period 
of fourteen weeks. The feeds were slowly admini tered into the lest tanks and the feeding 
behaviour and acceptability of the diets were observed. The total biomass of the fish from each 
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tank was determined at weekly intervals and the feeding rates adjusted accordingly. In order to 
maintain good water quality, water in each tank was changed dai ly. On termination of the 
experiment, the fish were weighed individuaJly and the mean weight for each tank calculated. 
Feed ingredients, experimental diets and fi sh samples were analyzed for their proximate 
composition by the methods given by the Association of Official Analytical Chemists ( 1970). 
Ascorbic acid content of the fish liver was determined colorimetrically after Sakariah (1980). The 
method was based on the oxidation of ascorbic acid lo dehydroascorbic acid and then to 
diketogulonic ucid. followed by coupling with 2,4 dintrophenyl hydrazine to give red coloured 
o. azones. 
Water quality parameters were monitored from each test tank throughout the experimental 
period. Temperature and pH were mea urcd by Jenway microprocessor pH meter (Model 3 l 00) 
and dissolved oxygen by Jenway oxygen meter (Model 9070). The mean and the ranges of the 
water quality parameters were temperature 28 ±0.5°C: pH 7.69 (7.62-7.95); dissolved oxygen 
5.12 (3.00-7.52) mg/L. 
At the end of the experimental period, some haematological parameters were studied from fish 
from each tank. Fish were anaesthetized with 5 ppm quinaldine (S igma Chemical Co., USA) 
(Hossain and Shariff 1992) before collecting hlood. Samples were collec ted from the caudal vein 
of fish using I mL disposable hypodermic syringes and 23 G needles rinsed with anticoagulanl. 
Five per cent heparin (Leo Pharmaceutical, Ballerup, Denmark) was used as anticoagulant. 
Collected blood samples were pooled from 6-8 fi sh from each tank. 
Blood haemotocrit (PCV) value was delem1ined by microhaematocrit method after Schalm et 
al. ( 1975). Haemoglobin (Hb) level was determined spec trophotometrically by the 
cyanhaemoglobin method after Makarem ( 1974). Total erythrocyte count (TEC) and total leucocyte 
count (TLC) were performed using the New Improved Neubaurer haemocytometer (Siddiqui and 
Naseem 1979). In both cases, modified Dacie's fluid (Blaxhall and Daisley 1973) was used as 
dilutant. Mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH) and mean 
corpL1scular haemoglobin concentration (MCHC) values were calculated from the values of PCV, 
Hb and TEC (Schal m cc al. J 97 5). 
At the end of the trials, fish sample. were fixed in 10% buffered formalin and routine 
histopalhological examinations of the liver were carried out to observe the changes. if any, in fish 
under different treatments. 
Specific growth rate (SGR), weight gain (%). food conversion ratio (FCR). protein efficiency 
ratio (PER) and apparent net protein utilization (ANPU) were calculated after Castell and Tiews 
( 1980). Comparison of treatment means was carried out by one-way analysis of variance 
(ANOVA) and Duncan's MuJtiplc Range Test using the MSTAT-C statistical package in an ALR 
PowerFlex Plus microcomputer. 
Res ults 
The growth, food conversion and protein utilization data of l. rohita fed different levels of 
ascorbic acid are prcscnLed in Table 2. There was no significant difference (p>0.05) between 
different diets in terms of weight gain (%) , specific growth rate, food conversion ratio, protein 
utilization ratio and apparent net protein utilization. lt is interesting to note that although there was 
no significant (p>0.05) difference between performances of different diets due to the large 
variations within replicate values, diet 5 (100 mg ASAI 100 g diet) showed the poorest 
performance. 
There was no fish mortality and fish were found healthy throughout the experimental period. 
The fish fed an ASA-free diet (control) also did not exhibit any deficiency signs. llistolog.ical 
examinations of the li ver of fi sh fed an ASA-free diet and diets containing different levels of ASA 
did not reveal any noticeable change. There was no noticeable variation in the ascorbic acid 
concentration in the liver of fi h fed different level of ASA, the values ranging between 158.65 
µ gig to 165.1 8 µg/g. 
The proximate carcas composition of fish fed a diet deficient in ASA and diets containing 
graded levels of ASA were analyzed. Carcass composition of fish fed different diels did not show 
any signilicanl differences and were within the limits of the normal heallh condilions. 
IR 
Table 2. Growth, food conversion, protein ut ilization and carcass composition (% fresh wdght) of Lubeu rohita 
fin gerlings fed different levels of ascorbic acid 
Dices 2 3 4 5 ±SE* 
Initial weight (g) 6.68 6.62 6.58 6.75 6.70 0.074 
Final weight (g) 18.63 16.59 16.83 19.13 15.02 1.243 
Weight gain (%) 178.9 150.7 156. I 183.6 124.3 18.8 
SGR (%) 0.98 0.88 0.89 0.99 0.77 0 .067 
SGR as % of control 100 89.8 90.8 10 1 78 .6 
FCR 2. 75 J.22 3.38 2. 79 3.98 0.276 
PER I .30 1. 12 1.0 7 l. 28 0.93 0. 107 
ANPU(%) 22.63 18.94 17.60 23.49 16.20 2 .793 
Carcass composition 
Init ial 
Moisture 74.83 72. 10 72.35 72.82 71. 12 72.46 0.933 
Crude prote in 14.58 16.3 2 16.0 1 15.73 16.94 16.23 0 .450 
Crude Lipid 5.92 8.24 7.88 7.5 7 9.05 7 .91 0.544 
Ash 4 .0 1 3.42 3.55 3.56 3.30 3.68 n. J 67 
Pigures in the same row without any superscripts arc noc significanlly different (p>0.05: ANOVA lest); *Standard 
error of treatment mean, calculated from residual mean square in the analysis of variance. 
Results of haematological examination of fish from different treatment groups are presented in 
Table 3 and presented graphically in Figure I. Haemoglobin (Hb) content vaded between 7.95 
g/dL (cLiet 5) and 9.92 g/dL (diet 1) and was not significantly (p>0.05) different. Haematocrit 
(PCV) and total erythrocyte count (TEC) varied significantly (p<0.05). The highest PCV value 
(40.25%) was recorded for diet 2 (10 mg ASA) and the lowest value (31.88%) for diet 5 (100 mg 
ASA). A similar trend was also observed for TEC values (Table 3). 
The Lota! leucocyte count (TLC) varied significantly (p>0.05), the highest value (3 l .69 
thousand /µL;) being recorded for diet 1 (0 ASA) and the lowest value 20.20 thousand/µ.L ) fo r diet 
5, although it was not significanlty (p>0.05) different from those of cLiets 2, 3 and 4. In general the 
values of different blood parameters decreased with the increasing leve l of ascorbic acid 
incorporation in the diet (Figure l ). 
Mean corpuscular volume (MCY), mean corpuscular haemoglobin (MCH) and mean 
corpuscular haemoglobin concentration (MCHC) values were calculated using the PCV, Hb and 
TEC values. There was no significant (p>0.05) difference within these parameters fo r di fferent 
diets (Table 3). The MCV values ranges between 109.56 and 141.76 lQ- 1 SL and the values 
increased with the increase of ASA level in the diet. The MCH values ranged between 25.90 and 
36. I 6 pg . The MCHC values ranged between 23.61 % and 27.92%. Although the values o f 
individual parameters were not significantly different among them, the lowest value was 
nevertheless recorded for diet 2 ( l 0 mg ASA) for all the parameters calculated. 
Table 3. Haematological values and liver ascorbic acid concent ration of u1heo rohita fin gerl ings fed differ<!n t levels of 
ascorbic acid 
Diets 2 3 4 5 ±SE .. • 
Haem:llocrit (%) 37.ssnh· 40.25~ 35.oobc 35.88abc 31.88c 1.43 
Haemoglobin (g/dLJ 9.92• 9.soa 9.193 9.133 7 .953 0 47 
TEC <rnillion/µL) 3.27a 3.693 2.58b 2.60b 2.25b 0 17 
TLC (lhousand/µ L) 3 1.69° 22.35b 22. 5ob 20.96b 20.29" I . 70 
MCV oo-18L) 117.89° 109.568 137 .24a 139.70° 14 1.763 !!.59 
MCH (pg) 30.89n 25.90;1 34.5 P1 36.16a 35. 16° 2.96 
MCHC(%) 26.203 23 .6JO 26.188 27.929 24.873 3 .3 3 
Liver ASA (µgig) 158.65C I 61.45b 160.47b 164.24° 165.18" 0.52 
TEC =total erythrocyte count; TLC= total leucocyte counc; MCV =mean corpuscular volume: MCH =mean corpuscular 
haemoglobin; MCHC = mean corpuscular haemoglobin concentration. 
~ Figures in chc same row with diffe rent superscripts are significantly different (p<0.05; Duncan's test) 
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Discussion 
The re ults o f the present investigatio n show that the growth , food conversion and protein 
utilization of Labeo roltita fingerlings were not affected by the level of ascorbic acid (ASA) in the 
diet. The most commo n clinical vitamin C deficiency ymptoms (e.g. , Jordosis, scoliosis, lethargy, 
haemorrhagic exophthalmia etc.) found in fi sh (Halver 1985) were also not observed in the ASA 
deficient group in the present study. 
The dietary requirement o f ASA has been demonstrated in most of the fish species studied, 
e.g .. rainbow trout, 011corhy11chus mykiss ( Kitamura e l al. 1965, Halver et al. 1969), coho 
salmon, 0. kisurch (Halver et al. 1969), channel catfish , Jcralurus pw1ctatus (Lovell 1973; 
Andrews and Murai 1975). green snakehead, Channa punctatus (Mahajan and Agrawal 1979), 
major carp, Cirrhin11s mrigalo (Mahajan and Agrawal 1980a), Asian catfi sh, Clarias batrachus 
(Butthep et al. 1985), Ni le tilapia, Oreoc/1ro111is 11i/01icus (Soliman ct al. 1985, 1993), sea bass, 
Lares calcarifer (Boonyaratpalin et al. 1989). However, a large number of land animals including 
ruminants and poultry are able to synthesize this vitamin to meet their physio log ical needs. Among 
fish. common carp has been reported to be able to synlhesi~e ascorbic ac id (Ikeda and Sato 1964). 
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The haematological findings showed thal PCV and TEC values were highest in fish fed 10 mg 
ASA (diet 2) followed by 0, 20, 50 and 100 mg ASA containing diets. This difference was 
statistical ly significant (p<0.05). However. no ignificant difference was observed in respect of 
Hb values at various level of ASA inclusions. Moreover, the derived haematological indices such 
as MCV, MCH and MCHC values in various groups were not significantly (p>0.05) different. 
although an increasing trend was observed in MCV values in fish fed a higher level of ASA. 
This study indicates that a higher inclusion of ASA reduces the PCV and TEC values and 
increases the MCV values. Slight anaemia ob erved in fish fed higher inclusions are macrocytic in 
nature . The Hb, MCH and MCHC values indicate that the anaemia is normochromic. Macrocytic 
normochromic anaemia is usually observed in vitamin B 12, cobalt and folic acid deficiencies. As 
no hi stopathological change was observed in the liver, the deficiency of the erythrocyte maturing 
factor produced from the liver may be excluded from the etiology of macrocytic normochromic 
anaemia. 
The TLC values indicate that it decreases at higher inclusion levels, i.e., the body defensive 
mechanisms re lated to leucocytes decrease gradually. However, with the exception of TLC, the 
data of the pre ·cnt study are similar to the values of haematological parameters of L. rohita from 
open waters (Siddiqui and Naseem 1979). The slight variation in PCV, Hb, TEC could have been 
due to size, sex. season (S iddiqui and Naseem l979) and encaptivity stress of test fish compared 
to pond-reared fish (KJontz and Smith 1968). Higher TLC is the index of defense mechanism 
(Ellis I 977). The decrease in TLC with the higher level of ASA in the diets incticates that ASA 
requirement in the diets of L. rohita is minimum (<LO mg/ I 00 g diet). The higher level of ASA in 
diets could have acted as a chronic stressor which weakened the defen e mechanism slowly. 
Similar trends were al ·o observed by Rehulka ( 1990) when rainbow trour were fed hydrolytically 
changed and oxidized fat. 
The findings of the present study therefore indicate that the optimum level of ascorbic acid 
requiremem for Laheo rohita fingerlings lies between 0 lo 10 mg/ 100 g diet. However, a further 
study should be conducted to detect the L-gulonolactone oxidase enzyme activity in the liver and 
kidney of rhis species to find whether it i capable or synthesizing L-a corbic acid. 
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Abstract 
Juvenile ea hass of average weight 2.7 g were ied semipuri fied diets containing live levels or 
supplemental pantothenic acid (0, l5, 30, 60 and 90 mg/kg) in a flowthrough sea water system with a 
flow rme 0.7 U min. The fish were weighed and counted every two weeks over a 12-week period. The fish 
were then sampled for haernntologic:i l tes ts. histological examination and :iccumulatcd p;rntothenic acid 
in the liver. Fish fed the unsupplemcnted pantolhenic acid diet (0 mg/kg) showed lack of appetite. low 
feed efficiency, haemorrhages, clubbec.J gills and 101al mortality in fi ve weeks. Others fed 15, 30, 60 and 
90 ppm supplemental pantothenic acid diets showed no deficiency ~ igns. The fish fed with 90 mg/kg 
pantol'henic acid showed the best growth (p<0.05) at four weeks and the highest amount of pantothenic 
acid in the liver. Dietary pantothenic acj.d requirement ror maximum growth and ~urviva l of sea has~ 
reduced to 60 ppm as fish grew larger than 6.5 g, 
Introduction 
l ates calcar{fer (Bloch), commonly called the giant sea perch or sea bass, is an economically 
important food fish in the tropical and subtropical regions of south east Asia and the Pacific. It is 
raised commerc ially in Thailand, Malaysia, Singapore, Indonesia, Hong Kong and Taiwan, in 
both brackishwater cages and freshwater ponds. 
Pantothenic acid is a constituent of coenzyme A (CoA ) and phosphopante theine. CoA 
mediates energy trans fer via the TCA cycle from carbohydrate. lipid and prote in , while 
phosphopantetheine participates in fatty acid synthesis. The importance of pantothenic acid in the 
diets of trout (Phillips et al. 1945; Mclaren et al. 1947; Kitamura et al. 1967); salmon (Halver 
1958); carp (Ogion 1967); eels (Arai et al. 1972); channel catfish (Murai and Andrews 1979); 
clarias (Buthep et al. 1985); Pirot fish (Ikeda et al. 1988); sea bass (Boonyaratpalin et al. 1993) 
have been demonstrated. The deficiency signs of pantothenic acid are growth retardation, anorexia, 
abnormal swimming behaviour, club gills, and mortality. Gill histopathological examinations have 
been experimentally applied for assessment of pantothenic acid deficiency in fish (Karges and 
Woodward 1984). Pantothenic acid measurement by radioimmunoassay (RIA) has been applied in 
fish (Masumoto 1991 ). 
The present study was designed to determine the quantitative pantothenic acid requirement in 
juvenile sea bass and record histopathological changes in deficient fish. 
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Materials and Methods 
Facilities and fish 
Fifteen 30 x 60 x 30 cm glass aquaria with a flowthrough sea water system, located in a wet 
laboratory at the National Institute of Coastal Aquacul ture were used in a 12-week feeding 
experiment. Juvenile sea bass obtained from the National Institute of CoastaJ Aquaculture hatchery 
were acclimated, graded and used in the study. Sea bass fry of average weight 2.7 g was stocked 
at a density of 10 fish per aquarium. 
Experimental diet 
Semipurified diets with five levels of pantothenic acid, 0, 15, 30, 60 and 90 mg/kg, were 
used. An unsupplemented feed (0 mg/kg) was used as the control diet; the composition of the 
experimental diets is shown in Table 1. 
The ingredients of the semipurified diets were well mixed prior to adding water then passed 
through a meat glinder. The spaghetti -like strands were then broken into small pellets depending 
on the size of the fish and kept frozen until they were fed to experimental fish. 
Management 
Juvenile sea bass from the hatchery were acclimated to the semipurified diet. Only fish which 
accepted the semipurified diets were selected for the experimen t. Each diet was fed ad libitum to 
three replicates, twice a day at 0830-1030 hrs and 1530-1700 hrs. The fish were weighed and 
counted every two weeks and observed for gross signs of vitamin deficiency every day during 
feeding. At the termination of the experiment fish were sampled for haematological studies (Hasser 
l 960), histological examination (Humason 1967) and accumulative pantothenic acid in the liver 
using a conventional microbioassay (Walsh et al. I 979). 
Table I. Composition of experimental diet (glkg) 
Diel Number 
1 2 3 4 5 
Pantotheoic acid (mg/kg diet ) 0 15 30 60 90 
Cnsein !vitamin free) 390 390 390 390 390 
Gelatin 78 78 78 78 78 
Cod Jiver oi l 70 70 70 70 7 () 
Soybean oi l so 80 80 80 80 
Dextrin 50 50 50 50 50 
Alpha·Cellulosc 151 l51 151 151 15 I 
NaC. M.C 50 50 50 50 50 
Vitamin C (fat coated) I 1 l I I 
Vitamin mi.xture1 20 20 20 20 20 
Mineral rnixture2 40 40 40 40 40 
Amino acid mixture-' 70 70 70 70 70 
I Vitamin mixture (mg/kg diet): Thiamin HCI 25; riboflavin, 100; pyridoxine, 25; nictonk acid. 375; inositol, I 000; 
biotin, 2.S; folic acid, 7.S; vitamin 812. 0.05; menadione. 20; alphatocopherol acctat·e, 200; vitamin A OU). 5 000; 
vi tamin D3 (IU), l 000; BHT 4; made up to 20 g by dcic trose rnonohydrate. 
2Mineral mixture (uni ts/J OO g mineral mi.xwre) calcium lactate, 32.70 g; K1HP04, 23.98 g: CaHP04 .2 H20. 13.58 g; 
MgS04.7H20. 13.20 g; Na2HP04.2 H20. 8.72 g: NaCl 4.35 g: ferric citrate. 2.97 g; ZnS04.7H20, 0.3 g; C0Cl2.6H20. 
100 mg: MnS04. H20, 80 mg: Kl. IS mg; AICl3.6H20. 15 mg; CuCl2. 10 mg. Total 100 g. 
3 Amino acid mixture (g/ l 00 g dry diet): L-Phenylalanine, 0.6; L-Arginine HCI. 1.3; L·Cystine, 0.7; L-Tryptophan, 0.2; L-
Histidine HCI H20. 0.2; DL-Alanine, 1.3; L-Aspartic acid Na, 1.0; L-Valine. 0.7: L-Lysine HCI. 0.6; Glycine, 0.4 (Yone 
1976) . 
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Results and Discussion 
Sea bass fed the diet without supplementary pantothenic acid had a significantly lower percent 
weight gain (p<0.05) in the first two weeks and had negative percent weight gain thereafter. The 
fish fed diet supplemented with 90 mg pantothcnic acid/kg showed the best percent weight gain 
and in the first two weeks were sjgnificantly higher than treatments with 15 and 30 rng/kg. After 
two weeks, the difference was not s ignificant. However, the overall percent weight gain of fish fed 
90 ppm supplementary pantothenic acid was s ignificantly higher than in other treatments (Table 2, 
Fig. I). There was no significant difference (p<0.05) in growth ::imong Lhe three treatments of 15, 
30 and 60 ppm supplementary pantothenic acid diets during the 12-week experiment (Table 3). 
Tahle .:!. Average weight gain ('J'n) of sea bass fed experimental diet~ v.1th various pantothenic acid level~ for I'.! weeks. Values with the 
~Jtnc superscript in each column are noi signiticanlly different (p>0.05) 
P<tntothenic Experimental period (week) 
acid <ppm) I -2 3-4 5-6 7-8 9-10 I 1- 12 0-12 
0 77 .50±7.92a - 1. 18±2. 19~ 
15 122.56±2.26hc 56. 76± I 0 .66b 56.77±16.96 20.67±'.!.98 19.94±3.14 25.96±3.38 892.34 ± 65.87a 
30 119.19±3.79b 58.50±5.91h 54.55±3.64 20.2'.!±0.45 24.84±3. 75 22.87±1.06 889.29 ± 36.248 
6() 129.20±6.::?JCd 57.58±1 .84b 55.25±2.07 25.47±2.85 21.66±3. J 3 22 57±1.35 948.24 ± 25.58" 
90 137.98±2.07d 65.4H7.88b 60.78±3.83 '.!6 .20r4. 15 25.27±4. 18 23.75±1.57 I 142.01±145.46b 
Feed efficiency (Tab le 3) o f the diet without pantothenic acid supplementation was 
significantly lower than the supplementary grollps (p<O.O l) by the end o r week Lwo and decreased 
dramatically (negatively) afterwards. The feed efficiency at the e nd of 12 weeks of diets with 60 
and 90 ppm supplementary pantothenic ac id was significant ly higher than diets with 15 and 30 
ppm pantothenic acid supplementation (p<O.O I). 
Tahle 3. Effect or supplementary pantothenic acid levels in the diet on growth. feed cffie1cncy and survival of sea bass 
after a 12·\\eek feeding trial 
Pan101henic Av. body wl. (g) Survival F~ 
acid (ppm) In itia l Final Grtin(%) (%) Efficiency (%) 
0 2.7 1 n 0.00° . 100.ooa 0.00° o.ooa 
15 2.70'1 26. 83b 892.34b 88.66bc 7 I .49b 
30 2.1oa n.2ob 889.29b 84.45b 71.56b 
60 2.7 1 !l 2R.49b 948 .24h 95.53c 83. J 8c 
90 2.67a 35.26c 1142.0IC 95.53c 84.72c 
By week fou r, the su rvival of fi h fed diets without supplementary pantothenic acid was 
~ignificantly lower chan the supplementary treatments (Fig. 2). There were 82.22, 100, 100, 100 
and 100% s urvival rate for treatments with O. 15. 30, 60 and 90 ppm pantothenic ac id 
supplementation. 
By the end of week five all the pantolhenic acid deficient fish had died. By the end of 12 
weeks, the survival rate of fish fed diets with 15 and 30 ppm pantothenic acid supplementation was 
significantly lower than treatments with 60 and 90 ppm. There was no significant difference in 
survival between fish which received 60 ppm and 90 ppm pantothenic acid. 
Signs of pantothenic acid deficiency were evident after two weeks in fish fed diets without 
supplementary pantothenic acid. Fish gradually deve loped poor appetite. poor growth. 
haemorrhage operculum and skin. ventral and anal fin erosion, club gills and total mortality in five 
weeks. Histopathological examination showed that pantothenic acid-deficient fish exhibited g ill 
hyperplasia, which appeared on the gil l filament at the base of the lamcllae (Fig. 3). Fusion of 
lamellae began at the di stal end of the filament and progressed proximally (Fig. 4). Thi s 
phenomenon had been re po rted by Wood and Yasutake (1957) for salmonids. Moreover, sea bass 
showed li ve cells vacuolated by fat (Fig. 5) and muscle degeneration (Fig. 6). 
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Figure I. Average body weight (g) of sea bass fed Figure 2. Percent survival of sea bass fed experimental diets 
experimental diets with various levels of with various levels or pancothenic acid. 
paotothenic acid. 
Haematological parameters and liver pantotbenjc acid of deficient fish were not established due 
lo their small size. The number of red blood cells, white blood cells and percentage haematocrite, 
haemoglobin and plasma protein were not significantly different among pantothenic ac id 
supplemented groups (p>0.05). Sea bass fed diets supplemented with 90 ppm pantothenic acid 
showed significantly higher liver pantothenic acid content than fi sh fed 15, 30 or 60 ppm diets 
(p<0.01). 
Sea bass were very sensitive to pantothenic acid deficiency as evident from the short time of 
two weeks required for the development of deficiency signs and total mortality i.n five weeks. The 
pantothenic acid requirement for sea bass (60-90 ppm) was high compared to values reported by 
NRC (1981), Ogino (1967), and Murai and Andrew (1979) for trout (40-45 ppm), carp (30-45 
ppm) and channel catfish (10 ppm) respectively. Karges and Woodward (1984) fed 0.7 g rainbow 
trout with a pantothenic deficient diet and found that the time required for the development of 
deficiency signs was only 12 days whereas Masumoto (1991), using 150 g fish, found that the 
time required for the development of deficiency signs was 14 weeks. The data from the present 
study indicates that the pantothenic acid requirement could be reduced from 90 ppm to 60 ppm as 
fish grow from 2.7-6.5 to 6.5-30 g. However, studies on the quantitative requirements for larger 
ea bass need to be carried out. 
The reasons pantothenic acid-deficient sea bass had total mortality in such a short experimental 
period (five weeks) might be explained by the problems localized in gill tissue. Fish gills play 
important roles in acid-base and water balance, ammonia excretion, osmoregulation and 
respiration. Passage of water through a fused gill filament might make respiration difficult, 
probably causing death. 
Figure 3. Gil l hypcrphasia. appearing 0 11 the gi ll filament at the base of the lamcllac and 
fus ion of lamcllae began at the distal end. 
Figure 4. Severe gill hypcrphasia caused rusion or primary and secondary lamel lac in fish 
fed diet without pantothenic acid supplementation. 
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Figure 5. L iver cell' of pan1othenic at:id-def1cicn1 ft\h \howing accumula1ion ol large 
amoun1 of lipid droplets. 
hµurc 6. Light micrograph 5howcd nw,clc degeneration of pa11101hcnic acid-dcficicrll fi,h. 
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Conclus ions 
I . Pantothenic acid is essential for growth, health and survival of sea bass. 
2. The minimum requirement for maximum growth of 2.7-6.5 g sea bass was 90 ppm. 
3. The minimum requirement for maximum growth and survival of 6.5-35 g sea bass was 60 
ppm. 
4. The pantothenie acid requirement reduces as fi sh grow. 
5. The pantothenic acid deficiency sign are growth retardation. anorexia. abnormal swimming 
behaviour, haemorrhage opercuJum and skin, ventral fin and anal fin ere.ion, gill hyperphasia, 
liver cell vaecuolation by fat, muscle degeneration and total mortality. 
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Abstract 
The oplimum proiein and energy (PIE) r::nio and digestibili1y of nine carbohydrate rich ingredients 
in practical diels for Chinese bream fingerlings were determined. The diets contained energy levels of 
266. 294 and J24 kcal/JOO g at low (22~) and suboptimum (27~) proLcin levels. OieLs providing 22% 
prolein and 266 kcal/100 g of energy or 27% protein and 324 kt.:a l/100 g of energy with a PIE ratio of 83 
rng protein/kca l rmduccd better growth rate. feed and protein conversion lhun high protein diets. SGR. 
FCR. PER and PPV of bream fingerlings fed 1he 22% protein diets d.ecreased whi le those of the fish fed the 
27% protein diels i11crcased as diciary energy increased. By providing a halanccd PIE ratio in diets. dietary 
protein level can be reduced from 3 1 % for bream lingerlings 10 27% or 22%, 11nd thus 30% or 50% of 
diclary protein spared. This pro1ein sparing aclion was obtained by urilizing corn meal. ll carbohydrate 
rich rngretlient. 
The results showed !hat among nine carbohydrate rich ingredients. scrap rice and corn meal were 
well digeMed in terms of dry matter (87.86% and 69.0%). total energy <87.0% and 70.4%). carbohydrate 
(88.5'* and 74.5%) and protein digestion coefficients (87.2% and 75.5%). Sweet potnto was very poorly 
digested by bream fingerlings. 
Introduction 
The blunt snout bream, Megalobrama amblycephala Yih, is one of the commercially important 
food fish in China. It has been cultivated in ponds. Jakes and reservoirs all over the country. The 
total annual yield of bream is approx imately 180 000 tonnes. However the main ljmiration for 
bream production is the availability of fingerlings. Traditionally, raw materials, such a soybean 
cake. wheat middling and aquatic plant were used to foed the bream fingerlings. 
1 Pre~ent adurcss: Institute of Reservoir Fisheries 
Ministry or Water Resources, Wuhan, PRC. 
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Protein is the most expensive componenc of fish feed. The economical efficiency of fisb 
culture depends on feed to a large extent, and especialJy dietary protein cost. The dietary protein 
requirement for optimum growth for bream fingerl ings has been known to be 26-33% at 20°C and 
33-40% at 25-30°C (Shi et al. 1988). It is well known tbat a supplement of lipids has a sparing 
effect on dietary protein (Adrom 1976; Watanabe et al. 1979; Shimeno et al. 1980; De Silva et al. 
1991 ). However, animal lipids and plant oil are as expensive as fish meaJ in China. On the other 
hand, native cereal, grain and agricultural by-products which contain high carbohydrate are rather 
cheap and abundant. rt is generally believed that carbohydrate is poorly used by fish (Lin et al. 
1978: Bergot 1979). As a herbivorous fish, the natural food of blunt snout bream is mainly aquatic 
vegetation, indicating that the bream probably can accept a diet high in carbohydrate. The aim of 
chis study was to examine whether carbohydrate-rich \ngredient could be used in practical diets to 
spare expensive dietary procein, resulting in a cosl saving and increased yields. The optimum 
protein and energy ratio and apparent digestibility coefficients of locally available carbohydrate rich 
ingredients for bream fingerlings are reported in this paper. 
Materials and Methods 
Protein to energy (PIE) ratio experiment 
A 68-day feeding experiment was conducced to determine the optimum dietary PIE ratio for 
bream fingerlings. Six test diets of two dietary protein levels (27% and 22%) were each formulated 
at three levels of energy (266, 294, 324 kcal/100 g). Accordingly PIE ratios were 66, 74 and 83 
mg protein/kcal at 22% protein level and 83, 93 and I 05 mg protein/kcal at 27% protein leve l. Jn 
diet no. 7, 31 % crude protein and 321 kcal/ J 00 g of energy was provided to meet the nutritional 
requirements of bream fingerlings as a control. The composition and proximate analysis of the test 
diets are given in Table l. 
T:ihlc I . Test diet composition and nutrient contents('*)' 
Diet No. 2 3 ..J 5 6 7 
F15h meal 12.0 12.0 12.0 15.0 15.0 15.0 14 3 
Soybean cake 20.7 22.1 24.2 30.0 30.0 30.0 26.5 
R:ipesccd Cilke 1.6 3.-J 5 . 1 21.3 
Corn 59.6 48.7 37.8 46.9 35.7 24 .(> 31.9 
Crude husk I . 7 11 .2 20.0 0.5 9.9 19.3 
Mineral prcmix2 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Virnmin premix' 1.0 1.0 1.0 1.0 1.0 1.0 10 
Binder 1.0 1.0 1.0 I.() 1.0 1.0 I . () 
Crude protein 21.51 21.72 22. 18 26.98 27.20 1.7.41 30.98 
Cmdc lipid 4 .38 4.3 l 4.24 4.49 4 .47 4.4..J 5.12 
Available energy 
(kcal/ I 00 g) 324 294 266 324 294 266 321 
P/E r:itio 
(mg/cal) 66 74 83 83 93 I 03 97 
I Proximate composition of the ingredients: lish meal 65.6% protein. 5.13'*' fat; soybean c:ikc 42.73% protein. 4.8% 
fat; rapeseed cake 36.4% protein, 7.8% fat; corn 7.91% protein, 4.55% fat; crude husk 4.9% protein. 3.7% fat 
2 NRC ( 1983) 
3 NRC (1977) 
Bream fingerlings of average weight of 8.50 ± 0.16 g were randomly distributed into 21 
round plastic tanks of 57 cm diameter with a water volume of 110 L, eight fish per tank. All diets 
in triplicate were randomly assigned to the tanks. Dechlorinated tap water was supplied at a rate of 
0.4 L/min with supplemencal aeration. After a period of two weeks acclimation the fish were fed 
with experimental diets to satiatjon (ad libitum) at four meals daily. The water temperature ranged 
from 20°C to 26°C with a mean value of 23°± l.4°C. The dissolved oxygen content ranged from 
6.80 to 7.38 mg/L. The residual choride content was Jess that 0.02 mg/L. 
At the strut and end of the experiment, five fish were randomly sampled from each treatment. 
Moisture, protein, fat and ash contents were determined by the same methods as earlier reported 
(He 1988). At the cennination of the experimental period samples of blood and liver were taken for 
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the detennination of related phy iological and biochemical parameters. Haemoglobin (Hb) and red 
blood cell count (RBC) were measured separately on six individual fish from each treatment. Hb 
was measured by alkaline spectrophotometric method while RBC content was escjmated 
microscopically. Pooled samples of 4-7 fish from each treatment were taken to measure serum 
glutamate-pyruvate transaminase (GPT) and glutamate-oxaloacetate transaminase (GOT) by the 
method of Rei tman-Frankel ( 1957). Pooled samples of liver, each consisting of two fish. were 
taken from each treatment for the determination of glucose-6-phosphatase activity. hepatic 
gluc:.igon and lipid conten t. G-6-Pase ac tivity was assayed by the method or Harper (1965). Each 
250 mg sample of fresh liver wa~ homogenized in a glass blender with 9.75 mL citrate buffer. The 
homogenate was filtered through double layers of gauze. Five rnL of filtrate was transferred to the 
te~t tube. and kept in a water bath at 27°C. After 5 mi11utes 0.1 mL G-6-Pa e was added and 2 mL 
IOl/'r TCA added after 30 minutes. After centrifugation at 3500 x g for 5 minutes. the phosphorus 
~oncentration or supernatant was determined. The G-6-Pase activity was expressed as µm oles 
P/min/g liver. For the determination of hepat ic lipid content, fresh liver wa~ homogenized in a 
blender with 3 volumes of water. Then the homogenate was extracted three times with 2 volumes 
or chloroform/methanol (3/1, v/v). After centrifugation, the residues were kept 24 hours at room 
temperature to remove the solvent and then dried to constant weight at 60°C. Hepatic glucose 
content was measured hy the method of Can-el l ct al. ( 1956). 
One way analy~is of variance and Newman-Keul multiple range test were applied to evaluate 
the difference. between treatment means. Linear regre sions were used where appropriate. 
;.\pparenl digestibility cnefficients determination 
Apparent digestibility coefficients for dry muller, total energy, ava il:ible carbohydrate and 
crude protein in nine carbohydrate rich ingredients were determined U!-.ing the chromic oxide 
indicator method. The ingredients tested were corn. millet. sweet potato, wheat middling, Cassava, 
:-orghum, potato . .scrap rice and beet crumb. The experiment was carried out in cone-shaped plastic 
tanks specially dc~igncd with a screen ( 1.5 cm me~h) in the middle to separate the FL h from faecal 
materials and with a valve al the bottom to drain faecal material. A 76 cm diameter 330 L volume 
Lank was tocked with 7-8 fish of mean weight 125 g. The water was aerated and renewed daily, 
average temperature being 24.5°C ± 0.2°C with a range of 21.2°-26.5°C. Fish were acclimated to 
the reference diel (Table 2) for 20 day . Then the fi ·h were fed eicher a reference diet or a test diet 
composed of 70% reference diet and 30% test ingredients (Cho and Slinger 1979). Test diets were 
fed lo satiation twic.:c daily. Two hours after each feeding, the uneaten feed was cleaned out. Faeces 
were collected by opening the valve and draining them out. Excess water was drajned from the 
faecul materials by gauze. Only the unbroken faeces were taken by forceps. Pooled samples for 
each treatment were dried al room temperature overnight. 
Diets and faeces were then analyzed for dry matter at I 05°C for 24 hours. total energy by a 
Shimadz.u CA-4P bomb colorimeter, available carbohydrate by anthronc method and nitrogen 
content by micro-kjclduhl method. Chromic oxide was determined u ing the wet-acid digestion 
technique of Furukawa and T'iukuhara ( 1966). The apparent digestibility coefficient~ of test diet 
were calcul::tted as 
a11cl the apparent digestibi lity coefficient of the tc::-.t component calculated as 
l 00/30 (digescihilily of test diet-701100 digestibility of ref. diet) 
The compo. ition of the reference diet and the nutrient contents of test feedstuffs. reference diet 
and test diets arc presented jn Tables 2, 3 and 4 respectively. 
34 
Table 2. Composition of reference diet 
fo r digestibili ty determination 
lnl?.re<iient Contents (%) 
Fish meal 14.3 
Soybean cake 26.5 
Rapeseed cake 2 I . 3 
Corn 30 .9 
\1ineral premix 4.0 
V1t:'lmin premix 1.0 
Binder 1.0 
Cr,01 1.0 
Table 3. Nutrient content of test feedstuffs (%) 
Test feedstuffs Crude orotein Crude lioid Carbohydrate 
Com 9.17 3.5* 74.34 
Millet 10.19 2.6* 59.98 
Sweet potato 3.62 1.3 83. 73 
Wheat middling 18 16 3.67 41 .89 
Cassav:i 1.41 0.2 88.0 1 
Sorghum 10. 53 3.3 63. 14 
Potato 14.87 0.2 70 . 15 
Serao rice 10.58 2.0 77.57 
• Quoted from •A table of feedstuffs contems and nutritive values for 
pig and chic1'en' < 1983) 
T:ible 4. Nutrients contcnrs of reference diet and test diets(%) 
Test die ts Crude protein Crude lipiLI Ash Crude fi bre 
Reference Lliet (RD) 32 .69 4.86 9.00 4 .22 
RD +corn 25.60 4.25 7.31 6. 17 
RO+ mi llet 27 .84 4.74 8 13 5. B 
RD + sweet potato 25.57 3.32 6.40 3.67 
RD + wheat middling 30.52 4 .67 8.3 0 6.04 
RD+ cassava 25 .73 3.50 7.62 3.81 
RD+ ~orghum 27.72 4 .36 7. 35 4.72 
RD+ potato 26.96 3.10 8.86 3.76 
RDt +scrap nee 26.35 4 . 18 7 38 3.41 
RD + ncct crumb 24.24 4. 16 - &.27 
Results 
Protein a11d e11ergy (PIE) ratio, specific growth rate (SGR ) and f eed con version 
ratio (FCR) 
The growth rate, feed and protein conversion of bream fingerl ings fed diets of varying PIE 
rat io arc shown in Table 5. At 22% protein level. the highest growth rate and lowest feed 
conversion ratio were obtained with diet no. 3, containing an energy level of 266 kcal/ 100 g and a 
PIE ratio of 83 mg/kcal. Increasing the energy level from 266 to 324 kcal/ l 00 g (lowering PIE 
ratio from 83 10 66 mg/kcal) resuJted in a decreased SGR and an increased FCR. The relationships 
between SGR and PIE ratio, and FCR and PIE ratio at 22% protein level are shown in Figures 1 
and 2. The highest SGR and lowest FCR were obtained with diet no. 4. containing an energy level 
of 324 kcal/JOO g and a P/E ratio of 83 mg/kcal. Increasing the energy level from 266 to 324 
kcal/ lOO g (lowering PIE ratio from 105 to 83 mg/kcal ) resulted in inc reasing the SGR and 
decreasing the FCR. However. the relationships between SGR and PIE ratio, FCR and PIE ratio at 
27% protein level were not significant (r = - 0 .8 171, p = 0.39 and r = 0.6367, p = 0.56). The 
overall mean SGR and FCR of fish fed 22% or 27% prote in diet were comparable or even better 
than in fish fed 3 J % protein diet. 
Table 5. Growth rate, feed and protein conversion of blunt snout bream fingerling fed diets of varying PIE• 
Crude Mean Initial Mean Final 
Diet No protein! %) PIE Weight(g) Weight(g) SGR (%/day) FCR PER PPV (%) 
I 21.5 66 8.30±0. 18 l l .49±0. IS 0.48±0.023 5.82±0.23b U.80±0.03b 37.6± l.6bc 
2 21. 7 74 8.85±0.07 13.32±0.37 0.60±0.053 4 .65±0.29a 1.00±0.068 48. 7±3 .4a b 
3 22.2 83 8.77±0.62 13 .96±0.44 0.69±0.053 3.75±0.18:.l 1.20±0.053 55.8±3 .43 
4 27.0 83 7.74±0.8 1 1 1.SO±J .66 0.61±0.063 4.4 1±0.56:.a 0.87±0. 11 ti 25.7±s.2cd 
5 27.2 93 8. l lH0.23 11 .53±0.27 0.5 1±0.033 5.68±0. 153 0 .65±0.01 b J7.2± l.l d 
6 27 .4 103 9.2 1±0.17 13.15±0.60 0.52±0.048 5.23±0.52a 0.63±0.07b 25.5±3.3cd 
7 3 1.0 97 8.5 I ±0.3 7 12.03±1.28 0.50±0.093 6.00±l.2Sa 0.59±0. I 3b 2 1.7±6.6cd 
' Menns wi th each column no1 sharing a common superscript letter are s ignificantly different (p<0.05) 
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Figure I. SGR vf bream fingerlings a$ a function of dietary PIE 
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Flgure 2. FCR of bream flngerlings as a function of dietary PIE 
ratio at 22% protein level 
Protein efficiency ratio (PER) and protein productive value (PPV) 
PER and PPV of the fish fed varying PIE ratio diets showed a similar tendency to those of 
SGR and FCR. The highest PER and PPV were obtained for fish fed diets no. 3 and 4 at 22% and 
27% protein levels respectively. Regression analysis showed that there was a significant 
correlation between PER and PIE ratio (r = 0.99, p = 0.02) and a less significant correlation 
between PPV and PIE ratio (r = 0.98, p = 0.10) at 22% protein level (Figures 3 and 4). Increasing 
the energy level at 22% protein level resulted in lowering of PER and PPV, while increasing the 
energy level at 27% protein level resulted in raising of PER and PPV. However, the relationships 
between PER and PIE ratio, PPV and PIE ratio at 27% protein were not significant (r = 0.90, p = 
0.29 and r = -0.02, p = 0.99). The fish fed the 22% protein diets had an overall average PER and 
PPV of 1.00 ± 0.02 and 47.4 ± 5.3%, which were higher than the fish fed 27% protein diets 
(overall average PER 0.72 ± 0.08 and PPV 22.8 ± 2.8% and sjgnificantly higher (p<0.05) than 
the fish fed 31 % protein diet. 
Compared with the high protein diet, a substantial amount of dietary protein was spared when 
fed 22% or 27% protein diets. Based on the PER data. 167 g of the dietary protein was required 
for each I 00 g weight gain with the 3 J % protein diet while 118 g and 83 g were required with 27% 
and 22% protein diets. Thus when fish were fed with the low or suboptimum protein diet instead 
of the high protein diet, 30% or 50% respectively of dietary protein was spared. 
Physiological and biochemical parameters 
The physiological and biochemical parameters of the fish fed varying PIE ratio diets are shown 
in Table 6. Neither significant difference nor any defined trend were found in RBC, Hb content, 
GOT and GPT activities for fish fed varying PIE ratio diets. A significant negative correlation was 
found between PIE ratio and G-6-Pase activity at 22% protein level (r = 0.99, p = 0.05, Fig. 5). At 
27% protein level, G-6-Pase activity was lowest in liver of bream fed diet no. 4 which was 
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Figure 3. PER of bream fingcrlings as a fu nction of dietary 
PIE ratio at 22% protein level 
15 .<fr 
PIE ratio~ (mg/kcal) 
Figure 4. PPV of bream lingerlings as a function of dicwry 
P/E ratio a1 22% protein IC\'CI 
However, there was no definite relationship between P/E ratio and G-6-Pase activ ities (r = 
0.66, p = 0.54) at 27% protein level. The highest hepatosomatic index (HST) was obtained in fish 
fed diet no. 3 at 22% protein level, and in fish fed diet no. 4 at 27% protein level. A positjve 
correlation between PIE ratio and HSI at 22% protein level and a negative correlation between PIE 
ratio and HSI at 27% protein level were· found. 
The overall average HSI value of 2.14 ± 0.13 at 22% protein level was higher than the overal I 
average HSI value of 1.92 ± 0.15 at 27% protein Jevel and the HST value of 1.97 ± 0.04 at 31 % 
prote in level. The lowest hepatic glucagon content was obtained in fish fed diet no. 3 at 22% 
prote in level and diet no. 4 at 27% protein leveL Hepatic glucagon content increased as dietary 
energy increased at 22% protein level while it decreased as dietary energy increased at 27% protein 
level. though the corre lation coefficients between hepatic glucagon content and PIE ratio at both 
protein levels were not significant (r = -0.98, p = 0.12 and r = 0.93, p = 0.24). The hepatic 
glucagon content of 0.66 ± 0.2% protein level and 0.7 l ± 0.14% at 27% protein level were higher 
than the value of 0.48 ± 0.15% at 31 % protein level. No defined corre lation was found between 
hepatic lipid content and PIE ratio at 22% protein level. However, hepatic lipid content increa~ed as 
the dietary energy increased at 27% protein level. 
Carcass composition 
The body composition of the fish fed varying PIE ratio diets is shown in Table 7. All test 
groups of fish at the end of the experiment had a lower moisture and protein content, and a higher 
lipid content compared to the initial fish samples. The carcass protein and lipid contents were 
higher, moisture and ash contents were lower in fish fed 22% protein diet than those of fish fed 
3 1 % protein diet. No significant effect of varying PIE ratio diets on the carcass composition of fish 
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Figure 5. G-6-Pase activities of bream tingerlings as 
a functiOll or dietary PIE r-JllO 
T.1hlc 6. Physiological and biochemical parameters of hlunt ~nout bream lingerlings fed uicts of varyi ng PIE ratio* 
Diet Crude PIE RBC G-6-l'asc 
No. protein (mg/kcal ) (1()4/µ L) Hb(%) oor GPf (µmol P/min/g) llSI (%) 
% 
2 1.5 66 237± 10:1 7.07±0.2.93 34 5 85 0.86 I ±0.05 73 b l.89±0. 16nn 
:? 21. 7 74 243±20• 7 .30±0.21 3 I 10 81 0.846±0. I 27~b 2. I 9±0.02°n 
J 22.2 83 23 1±21·' 6. 3±0.623 2.:u 51 0.823±0.060°b 2.33±0.253 
4 27.0 83 221±22~ 7.35±0.34° 98 135 0.730±0.071 b 2. I 3±0. J 6At> 
5 27 .2 93 27 1 ±30~ 7.3 1±0.26" 28 43 I . I 17±0.1 11 6 I .99±0.233 b 
6 27 .4 I OJ 216± 19'1 7.08±0.68° 95 154 0.99 I ±o.042ab I .64±0. I 2b 
7 3 1.0 97 220±36'1 6.91 ±0.14° 56 I I 5 I .0 15±0.0893b I . 97±0.04nh 
• Means with each column not sharing a common superscript lctlcr arc significantly different (p<0.05) 
Table 7. Bouy Cl1mposition (OM%) of blunt i.noul bream fed varying PIE ra1io uiets 
l n111al 
Finni 
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The apparent digestibilities of nine different ingredients are given in Table 8. Apparent 
digestibility coefficients of carbohydrate were between 74.5-88.5% for scrap rice, wheat 
middling, beet crumb and corn, and between 53.5- 67.2% for sorghum, millet, potato and cassava. 
The energy and dry matter digestibilities were higher than 70% for scrap rice and corn , foJlowed 
by sorghum. cassava, potato, wheat middling, millet. beet crumb and sweet potato in decreasing 
order. The protein digestibility coefficients were higher for scrap rice, wheat middling and corn 
than other test ingredients. On the whole, scrap rice was the most digestible ingredient for bream 
fingerlings. More than 87% of total energy, dry matter and nutrients were digested. Wheat 
middling, one of the popular feedstuffs used by fish ~aimers, had a high carbohydrate and protein 
digestibility coefficient (78% and 84% respecti vely), but a low energy and dry matter digestibiity 
coefficjent (48% and 46% respectively). Sweet potato was poorly digested by bream fingerlings. 
Energy, dry matter and carbohydrate digestibi lity coefficients were 3.7%, l.7% and zero 
respec tively. 
Table 8. Apparcn1 digestibi lity coeffi cients of fcedstuff for blunt snou1 bream 
Avai l:ible 
Peedstuff Total encrg}'.(%) dr~ matter(%2 Carboh )'.drate(%} Protein( %): 
Corn 70.4 69.0 74.5 75.5 
Millet 45.0 42.6 56.9 70.8 
Sweet potat() 3.7 I. 7 0 58.g 
Wheat middling 48.4 46.0 78.5 84.2 
Cassava 50.4 52.3 53.5 65.8 
Sorghum 54 .7 56.0 67 .2 66.5 
Potato 50.0 51.3 55 .3 54.5 
Scrap rite 87,0 87.6 88.5 87.2 
Beet cnimb 35.6 75.2 61.S 
Discussion 
It is generally believed that fish requ ire a high protein diet for max imum growth. However. 
from economical, nutritional and environmental protection standpoints a high protein fi sh diet may 
not necessarily be appropriate. Dietary protein is one of the most costly components of fish diet. 
Moreover, the excretion of nitrogenous wastes increases the oxygen demand and pollutes tbe water 
body. One of the challenges faced by fish nutritionists is to optimise the use of cheap nonprotein 
energy in order to save the expensive dietary protein, and still provi.de reasonable fish growth. 
Dietary protein and energy are two important factors detemlining fish growth and nutrient 
utilization. It has been reported that the level and balance of dietary protein and energy affect 
weight gain, feed consumption, nutrient efficiency, digestibility and carcass composition of 
various animals including fish (Page and Andrew 1973). The present study showed that proper 
balance of dietary protei n and energy is extremely important for optimum growth and nutrient 
efficiency in bream fingerlings. A diet providing 27% protein and 324 kcal/100 g physiological 
energy or 22 % protein and 266 kcal/ I 00 g physiological energy produced better growth 
performance and nutrient utilization than other diets. Both diets had a P/E ratio of 83 mg/kcal . 
suggesting thal within the acceptable dietary protein range this optimum is quite constant. Shifting 
away in either direction from this optimum value for bream fingerlings showed detrimental effects 
with reduced growth rate and nutrient conversion. 
Santiago and Laron ( 1991) also reported that within a certain range of dietary protein 
concentrations favourable to red tilapia fry, the optimum PIE ratio remains constant but it becomes 
lower at a marginal protein level. With an increase of dietary energy, growth of bream fingerlings 
fed the 22% protein diet decreased, but growth of fish fed the 27% protein diet increased (Table 5). 
The observed growth depression of bream fingerlings fed either low protein (22% ), high energy 
(324 kcal/100 g) or suboptimum protein (27%), low energy (266 kcal/mg) diets might be explained 
by different mechanisms. It was reported that increasing the level of digestible energy in a low 
protein (27%) channel catfish diet reduced gain because it caused the fish to eat less and then not 
obtain their daily protein requirement (Mangalik 1986). Reduced growth was observed in catfish 
(Prather and Lovell 1974) and yellowtai l (Shimeno et al. 1985) fed high protein diets containing 
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inadequate non-protein energy. in these cases the depression of growth was related to protein 
deamination and much of the protein was utilized as an energy source. 
In general, carnivorous fish require higher P/E ratio than omnivorous or herbivirous fish 
(Winfree and Stickney 1987). Being a herbivorous fish, the optimum PIE ratio of 83 mg/kcal for 
bream fingerlings is lower than many other fi sh. The low P/E ratio for bream fingerlings 
presumably indicates that bream utilize less protein as an energy source and the potential for 
nonprotein energy utilization should be great. 
On the basis of a balanced PIE ratio, the choice of a suitable energy source becomes an 
important issue. Lipid and carbohydrate are the two main nonprotein energy sources. Using lipid 
effectively as an energy source to spare the costly dietary protein has been shown for rainbow trout 
(Reiniz et al. 1978; Beamish and Medland 1986), channel catfish (Dupree et al. 1979), turbot 
( Adron et al. 1976) and hybrid tilapia (Shi au and Huang 1990). However, there is controversy on 
whether carbohydrate could be effectively used as an energy source. Most carnivorous fish cannot 
utilize dietary carbohydrate properly. Dietary carbohydrate was less utilized as an energy source 
than dietary lipid in rainbow troul (Ogino et al. 1976), turbot (Adron et al. 1976), and cod (Hernre 
et aL 1989). In contrast , carp, cal fish and tilapia utilize carbohydrate effectively as &n energy 
source to various extents (Ogino ct al. 1976; Garling and Wilson 1977; Anderson et al. 1984). It is 
interesting to note that channel catfish and Tilapia zillii can efficiently utilize both carbohydrates and 
lipids as energy sources if they are substituted for one another at a rate of 2.25: 1 commensurate 
with CHO:L physiological fuel values (Garling and Wilson 1977; El-Sayed and Garling 1988). 
The difference in carbohydrate utilization between various fish is thought to be related to their 
natural feeding habits and the structure and function of their digestion systems. 
ln the present study corn meal was used as a main energy source. The dry matter, total energy 
and carbohydrate digestibilities for corn meal were found to be 70, 70, and 75% in bream 
fingerlings respectively (Table 8). The best growth performance was observed for fish fed diet no. 
3 containing 38% corn meal and, tO a lesser extent, for fish fed diet no. 2 which contained 49% 
corn meal. However, growth was depressed when 60% corn meal was incorporated in the diet. 
The PER value of 1.20 at 22% protein level and of 0.87 al 27% protein level implies that 30-50% 
of dietary protein could be spared by adjusting the proper balance of P/E ratio. These findings are 
of great interest in that the protein sparing action was obtained by utilizing com meal, a native 
carbohydrate-rich component, as a nonprotein ingredient. Corn meal and many other grains are 
cheaper and more abundant than lipid in China and other developing countries. The possibility of 
including local cereals at leve ls of up to 40-50% is meaningful in developing low-cost formu lated 
diets for bream fingerling culture. 
One may be concerned about the possible adverse effects on the well-being of fa.rm fish when 
a high level of carbohydrate-rich ingredients are incorpocated in the diet. It was reported that fish 
fed a high-carbohydrate diet resulted in an increase of the hepatosomatic index (Kaushik I989), an 
increase in liver glycogen deposition (Cowey et al. 1975; Hilton and Atkinson 1982) and carcass 
lipid content (Shimeno et al. 1985) and a stimulation of enzyme activities in the liver tLikimani and 
Wi Ison 1982; Degani 1987). Some similar effects were presented in this study. For example, with 
increasing dietary carbohydrate level hepatosomatic index and hepatic lipid content increased at 
27% protein level and the hepatic glycogen deposited and the G-6-Pase activities elevated at 22% 
protein level. The response in relation to high dietary carbohydrate inclusion ~eems to djffer at 
different protein levels. In order lo illustrate the role of dietary carbohydrate in fish nutrition more 
research on carbohydrate metabolism in fish is needed. 
The evaluation of nutritive values of feedstuffs primarily depends on the digestion coefficient, 
as nutrients can only be assimilated after digestion. The dry matter and energy digestibi lity 
represent the total nutrient d igestibility of feedstuffs. They are better estimations of feedstuff 
digestibility than individua.l nutrient digestibility. Apart from sweet potato which was very poorly 
digested by bream fingerlings. the dry matter and energy coefficients of all other test feeds tuffs 
ranged from 35.6-87.6% and 45.0-87.0% respectively. The highest dry matter digestion 
coefficient of 87.6% for scrap rice and the lowest value of 35.6% for beet crumb corresponds to 
the lowest crude fibre content for scrap rice and the highest content for beet crumb (Table 4). This 
finding was in agreement with reports for other fish species (De Silva et al. 1990; Nandeesha et al. 
1991 ). 
Overall an average of 68.7%, with a range of 53.5-88.5% of the dietary carbohydrate were 
digesLed for all ingredients tested (except sweet potato). These values were in general higher than 
those reported for trout. 38-55% (Bergot and Breque 1983), yellowtail, 39-57% (Shirneno et a.I. 
1977) and cod, 33% (Hemre et al. 1989) and comparable to that for carp, 17-90% with a mean 
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value of 56% (Kirchgessmer et al. 1986) and red tilapia of 64-90% (Kamarudin et al. I 989). 
Obvious ly the omnivorous and herbivorous fish have a higher carbohydrate digestibility than 
carnivorous fish. 
The variation in dietary carbohydrate digestibility for various feedstuffs rich in native starches 
is presumably associaced with the physical state of starch. Potato and sweet potato starch had an 
average particle size of 30-33 µm , com and wheat starch had an average of 15 µm. whereas rich 
tarch had the lea t particle size of only 3-8 µm (Zhang 1988). Scrap rice and com meal were welJ 
digested in terms of d1y matler, total energy, carbohydrate and protein digestion coefficients (Table 
8). Both of them are suitable for use in formulated diets for bream as a high efficiency energy-
yielding ingredient. Kamarudin et al. ( I 989) found that among the nine kinds of test feedstuffs the 
apparent dry matter digestion coefficient was highes,t in rice bran for red tilapia. However, Law 
(1986) noted that rice bran was poorly ctigested by grass carp. The difference might be due to 
differences in spec ies and test conditions. The sweet potato which is a good feedsruff for pigs, had 
exceptionally low values for dry matter, total energy and carbohydrate cligestion coefficients. The 
reason for the unexpected low digestibility of sweet potato is not yet apparent. 
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Abstract 
Twelve test diets of four levels of protein (2 1. 29. 37 and 41 %) each containing three different 
energy level~ were fo rmulated. Experiments were conducted, 1n lrlplicate. in I x 0.5 x 0.5 m tanks, each 
stocked with 70 grass carp l'ingcrllngs of average weight 5,2 g. The experiment lasted 60 days. The water 
temperature was maintained al 28.6± 1.7°C, DO: 5, 1-6.6 mg/L. An integrated analysis of Lhc va lues of 
SGR and FCR indicated that optimum DP/DE ratio was 104. 7 mg/kcal. The optimum protein level was 
37%. Dlcwry protein level was the main factor affecting SGR, FCR , PER a.nd the contents of liver lipid 
and liver starch. 
Introduction 
Studies on the protein to energy ratio for a number of fi sh species have been reported. The 
objective of these studies was to improve the biological value of dietary protein and the availability 
of non protein energy for the economical use of protein. This study was carried out to determine the 
optimum dietary protein to energy ratio for grass carp fingerlings. 
Materials and Methods 
The fish, selected fo r un iform size for the experiment, were taken from among the fingerlings 
nurtured on our own fish farm . Having been bathed in 0.02% formaldehyde solution, the fish 
were acclimated in sterilized tanks for a week so as to get used to the new environment and feeding 
devices. They were weighed, grouped and given the experimental feed. 
Four different dietary protein levels. 2 1, 29, 37 and 41 %, were used in the experiment. For 
each, three different energy levels were used (Table I). 
• Research was supported hy the International Development Research Centre ( IDRC) of Cartada. 
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Table I. Compositions or !he experimental diets (~ by wcighl) 
Diel Ca sin Potato a- Oil Cellulo~e Vitamin Test Gross energy 
No. (protein) starch starch Premix salt-mixture cal/g 
22(21) 44 5 2 15 2 10 402 1 
:! 22(2 1) 44 s 4 13 2 10 4137 
3 22(21) 44 s 6 11 2 I 0 4254 
~ 30.5129) 36 s 2 14 .5 1 I 0 4161 
5 30.5(29) 36 5 4 12.5 2 10 4277 
6 30.5(29) 36 5 6 10.5 2 I 0 4394 
7 38.8(37) 28 5 2 I 4. . 2 2 1 () 4.298 
8 38.8(37) 28 5 4 12.2 ~ 10 4414 
9 38.8(37) 28 5 6 10 . .2 2 10 4531 
I 0 43(41 ) 24 5 2 14 2 10 4368 
l I 43(4 1) 24 5 4 1 2 2 10 4484 
1.2 43 (41 J 24 5 6 10 2 10 4601 
Feeding experiments were carried out in tanks of I x 0.5 x 0.5 m, each stocked with 70 grass 
carp fin gerlings of average weight 5.2 ± 2 g. Each tank had a double filler system and the water 
wa exchanged every 40 minutes. The faece collec1ed in each rank were removed and half the 
water was changed daily. The complete drainage system was cleaned once every week. Also every 
week the water was disinfec1ed with 2 ppm bleaching powder solution. 
The waler 1emperature was recorded al 0900 and 1500 hrs daily and maintained al 28.6 ± 
l.7°C through the experiment. The dissolved oxygen, pH and NH4- N were measured once every 
week. Their values were 5.1-6.6 mg/L, 7.1-7.4 and 0.002-0.078 mg/L respectively. 
The fi h were fed al 1000 and 1500 hrs every day. The daily ration was 3.5% of body weight 
and regulated every week according to a growth rate of 2%. The fi h usually completed eating in 
30-40 minutes. and the amount of daily feed intake was recorded. The fish in each tank were 
weighed once every lwenty days. At the end of the experiment, each fish was weighed and its 
body length was measured, and one third of the fish were killed for carcass analysis. The methods 
used to <iscertain the amount of protein, fat, ash and moisture content were Kjeldahl, SoxhJet, for 
high temperature resistance furnace and constant temperature drying respectively. Somogyi Method 
was used for sugar analysis. Calorimeter (TR-2800) was used for energy analysis (Lin et al. 
l987). 
Faecal matter was siphoned and those strands with complete foreskin were dried at 60°C and 
u ed for analysis. The digestibility was dete1mined with the indirect method using resistant ash as 
an indigenous marker. 
Feed evaluating fo rmula 
·r· h (SGR) Ln Wt ; Ln Wo x JOO spec1 ic growt rate = 
feed conversion ratio (FCE) = Total weight gain x 100 
Total amount of fee<.J 
. . . . Net body weioht gained 
protein efficiency ratio (PER) = · ht 1 f · t k we1g o pro ern a en 
t Ut · t d" t'b"J"ty 100 100 ( % indigestible marker in feed % nutrient in faeces percen n nen 1ges 1 1 1 = - . . . . x . . 
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The value of SOR of grass carp was in the range 1.44-2.02%. The DP/DE ratio was in the 
range 67-101 mg/kcal. SOR increased from 1.44% to 1.99% as the DP/DE ratio increased. 
Taking the SGR as an index, using the broken line analysis, the optimum of DP/DE ratio was 
104.7 mg/kcal (Figure 1). The FCE ranged from 54-83% and the FCE increased from 54% to 
81 %, in direct proportion to the DP/DE ratio. 
With an integrated analysis of the values of SOR and FCR, we came to a tentative conclusion 
that the optimum DP/DE ratios in grass carp diets should be 105 mg/kcal and the optimum protein 
level should be 37%. 
Adding 2, 4 and 6% lipid in diets at the same ,protein level, the dietary energy level was 
increased and SOR and PER did not improve (Table 2). This did not show the protein sparing 
effect under the conditions of this experiment. 
Table 2. Results of feeding experiments 
Diel Initia l Fina l Survival 
No. Mean wt. Mean wt. rate SGR FCR PER DP/DE* 
(g/fish) (g/fish) (%) (mg/kcal) 
I 5.97 14.58 100 1.493 58.49a 2. 78a 69 .3 
2 5 .34 12.70 98. 6 I .44a 54. 14a 2.58ab 67.5 
3 5 .03 12.50 95.2 I .50a 5 8.20a 2.77a 67 I) 
4 4 .78 13 .67 96 .2 I .75b 72.48 b 2.50ab 95 .3 
5 4.86 14,39 98.6 l. R I be 72.54b 2.50ab 92 .6 
6 5.1 2 14.55 98 .6 I .74 h 70.83ab 2.44nh 86 .4 
7 4 .92 15.96 91.0 l .96c 82.74b 2.24bc 1 J 1.6 
1$ 5. 16 17. 08 99.5 2.00c 80.08b 2. I 6bc 102 . l 
I) 5.1 8 l 7. 10 98 . I l .99c 81 .49b 2.20bc 100.6 
10 5.1 4 16.27 99.5 l .92c 76.2 l b l .86c 123.6 
I I 5.37 l 7.36 96.7 l .96c 78.60b l. 92c I 14.6 
12 5. 2 6 17.66 99 .0 2.02c 8 l. 84b l .99c I I 5.4 
• The values were detennined in the present experiment 
Chemical composition of the carcass and liver 
There was no remarkable relationship between dietary DP/DE ratios and the chemical 
composition of the carcass. This, and the chemical composition of the liver of grass carp after the 
experiment is shown in Table 3. The liver lipid content increased as the dietary protein content 
increased (Figure 2). 
There is a negative relationship between the liver starch content and dietary protein. and a 
positive relationship between the liver starch content and the dietary starch level (Figure 3). 
Discussion 
It has been reported that the optimum P/E ratio was about 90 mg/kcal for carp (Ogino 1970). 
There was much information about the optimum P/E ratios for channel catfish, ranging from 88 to 
134 mg/kcal (Garling 1976); for rainbow salmon, plaice and yellowtail , ranging from 125 to 150 
mg/kcal (Ringrose 197 1, Takeda 1975, Cowey J 972); for Tilapia aurea, 108 mg/kcal; (Winfree 
1981 ); for eel , 110 mg/kcal (Nose 1972); and for grass carp, 110 mg/kcal (Dabrowski 1977), from 
tudying the protein requirement. This is consistent with the results in the present experiment 
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Tahle 3. Carcass and liver proximate composi tion of grass cnrp lingerlings reared on di fferent diets. (% on wet 
basis. average values) 
Bod Liver 
Diet No Moisture Proti.:in L1pid Ash Moisture Lipid Liver starch 
Final 
I 77.68 16. 13 2.66 3.53 74 .4 9 5 .07 I. I I 
2 78.28 16.43 2.54 3.34 72.1!9 4 .87 U I 
3 ?!LOY I 5. 16 3 .40 3.26 71. 8 2 6 .26 0.84 
4 79 .61) 16.58 2. 16 3.06 70.33 6 .7 0 0.46 
5 78 .63 16.0 1 2. 9 1 3 .2 1 72.62 6 .79 0.77 
6 77.RI 16.85 3 36 3.20 7 1.6 3 6 .56 0 .80 
7 78. 13 15.97 2 .96 3.37 67.38 13.79 0.24 
8 78.89 15.22 2 .91 3.2 1 70 . I J 9. 59 0.63 
9 79.95 15.46 3 .46 3. 18 65.40 13.50 0.57 
In 78.45 15.67 2.99 J.27 66.06 14.20 0.3 0 
I l 78. 16 15 .50 3 . 10 3. I 7 63. 03 16.78 0 .25 
l.2 77.56 15.94 4 . 19 3.0 8 62.07 19.38 0.37 
lnithd 80 .66 14.3 t 1.54 3. 64 
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Abstrac t 
A model for parlit ioning or food energy within the tiody of grnss carp is described. An ex.peiimenrnl 
diet with crude pro1ci11. 28%: lipid, 5% a11d gross energy, 4600 kcal/kg diet ( 19.3 MJ/kg diet) was used 
:ind the in1:ike energy. cligesliblc energy. mctaboli:iable energy und retained energy were measured, and a 
scheme for the pa11i1ioning of dietary energy fo r grass carp was developed. The results show that 30.5% 
of the dietnry energy wa~ Jost in faeces. urine and gill c~cretions: 36.9% wa~ oxidized lo supply the 
energy need~ of lhe fi~h :ind 32.6% was retained w1th111 lhc body. 
Introduction 
Fish require ene rgy to sustain life processes. It is required fo r g rowth, reproduct ion, 
swimming and maintenance of vital phys iological functions, and is deri ved from carbohydrate, 
protein and lipid in the diet. The most effic ient utilization of feed is obtained when the diet contains 
an optimum balance of nutrients and an adequate level of dietary energy. 
Bioenergecics is the study of tbe balance between energy supply in the food and e nergy 
expenditure, and requires examination of the phy iological processes by which energy is 
tran. formed in living organisms. The energy available to fish is dependent upon the c hemical 
composition of the diet, the digestibility of nutrient and the leve l of food intake. Providing the 
optimum energy level in diets i · important because dietary energy exceeding the requirements can 
reduce growth rate or may cause excessive fat deposition. 
In recen t years several reports on the energy budget of salmon id fishes (Cho et aJ. 1982; 
Smith 1988) have been publ ished but information on herbi vorous fish is limited. S tanley ( 1974) 
attempted to determine an energy budget fo r large grass carp feeding on the aquatic macrophyte. 
but his estimates were not realistic. 
Fischer ( 1972) made a comparison of energy budgets of grass carp fed with only plant and 
only animaJ food and the resu lts showed that the growth rate was lower when the fish were fed 
plant food than animal. The energy budgets for the two types of foods were d ifferent. Fischer's 
( 1973) work uggested that grass carp could assimilate both the types of food given, animal food 
being better assimi lated than plant food. 
* This study was supported hy a research projcc1 from the Jnternational Development Research Centre (IDRC) 
or Canada. 
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Grass carp is an important species of food-fish. The culture of grass carp in ponds has a long 
history in China (Lin Ding and Mao Yongqing 1989). In recent years the yield of grass carp in 
some ponds has reached 7 500 kg/ha. One of the major reasons for this increase in production is 
the use of pe11eted feed (Lin Ding 1991). Detailed studies on nutritional energetics for grass carp 
are needed, particularly in view of the expanding aquaculture interest in herbivorous fishes. 
The present study was designed to develop a model for partitioning food energy utilized by 
grass carp from a diet containing highly digestible protein. It will provide a theoretical basis of 
energetics for a practical diet formulation for grass carp. 
Materials and ~ethods 
Experiment design 
Grass carp were obtained from the fish culture experimen t station of the Ichthyology 
Laboratory, Zhongsban University, The energy values of samples which included diets, faeces, 
carcasses and so on, were measured using an oxygen bomb calorimeter (model GR-2800). The 
experimental diet was formulated from semipurifed ingredients (Table l, no. 1) and contained 28% 
crude protein, 4.28% fat, 7.29% crude fibre, 6.77% ash and fuel values of energy 4.6 kcaVg 
( 19.32kJ/g). 
Before the research the fish were kept in tanks, at a temperature of 22- 23°C and were fed 
experimental diet no. l. At the beginning of the experiment, grass carp were distributed into 
duplicate groups of 20 fish weighing 494-533 g. Fish were fed equal amounts of diet twice dai ly 
at 1000 and 1600 hrs at a rate of 3.5 to 4% of their body weight for 40 days. 
Table I. Composi1ion of experimental and non-pro1ein dic1s 
lngredien1 





Fish liver oil 
Vitamin mix3 
Mineral mix4 
Carboxymelhyl cellulose (CMC) 
I. Similar to Ogino et al. ( 1973) 
2. Refer to Ogino e1 al. ( 1980) 
3. Refer to Hnlvcr's formula 






















The experiment was conducted in 250-L flow-through aquaria ( 100 x 50 x 50 cm) with a flow 
rate of approximately 12 Umin. The following water quality parameters were monitored during the 
study: temperature, 28°C ± 0.5°C; dissolved oxygen, 6- 7 mg/L; carbon dioxide, 5-8 mg/L; 
ammonia (NH4- N), 0. 1-0.3 mg/L; and pH 7.4-7.6. The survival rate of fish was 100% during 
the experiment. 
lntake of diet energy is the gross energy in the diet consumed. IE is the weight of diet 
consumed times the gross energy of a unit weight of diet. To determine energy digestibility in the 
present study we used the indirect method based on the concentration of chromic oxide (Cri03) 
used as a marker in the diet and in the faeces. Samples of diet and faeces were anaJyzed for energy 
and the marker. The digestibility coefficient of energy of the diet was calculated using the 
following equation: 
. . . . . % Cr203 in diet % GE in faeces 
D1gest1b1ltty coefficient= 100- (o/i C 0 ·. f x o/i GE . d. x 100) o r2 3 m aeces o 10 iet 
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Dige tible energy (DE) and metabolizable energy (ME) values were calculated using the 
following equations: 
DE =IE - FE, where faecal energy (FE) i the gross energy con rent of faeces. 
ME =IE - (FE + UE + ZE), where UE and ZE represent energy lost through urine and gills 
re ' pectively. 
Energy retention and growth was mea ured according to the method described by Cho et al. 
( 1982). Gras carp were fed a nonprotein diet (Table I) and metabolic faecal nitrogen and 
endogenous nitrogen excretion was measured in an apparatus (Figure l ) similar to those described 




0 ~0 -~ 
~·~ :-
0 -




F Wutcr supply 
' 
- A tank for maintenance 
of fish (50 x 30 cm) 
A test tube for collecting 
faeC'es (3.5 x 25 cm) 
A column of reJ;in lor ad orbing 
cli!>~olved urinary nitrogenou~ 
compounds (5.5 x 60 cm) 
Figure I. fhc .1pparntu1> used for the scp.Jration or faecal nitrogen and urinary nitrogen 
Inflow water 
~ .. 
•'1 _ .. , ,, 
'•' -'•' -•·' 
Sampling of 
inflow water 
Tank with water 
lnfiow water 
Fisb rcspirometcr cbamhcr 





Oxygen consumption is the preferred method for measuring and reporting metabolic rate in 
fish (Fischer 1970; Cho 1982). We designed a respirometer s imilar to that described by Fischer 
(1970) to measure oxygen consumption in grass carp (Figure 2). The experiment was carried out 
on five different size classes of grass carp in the weight range of 5 g to 180 g. While being 
measured fish were kept in a 3 L glass chamber ( LO x 40 cm) with a constant monitored flow. 
Oxygen consumption of grass carp was measured by the modified Winkler's method in a constant 
flow (about 6 L per hr). The oxygen consumption by individual fish was measured from 0800 hrs 
to 1700 hrs at 3-hourly intervals. 
The basal metabolism energy was determined by measuring the oxygen consumption rate and 
calculating heat production from the calorific equivalent value of oxygen consumed (3.3-3.5 kcal/g 
of oxygen or 13.8-14.7 kJ/g of oxygen). Oxygen consumption rate was calculated at 
(mg/kg BW/hr) 
A1 = the oxygen content of inflow water; 
A1 = the oxygen content of outflow water; 
V = the content of running water through the respirorneter per hour; and 
W = body weight of test fish. 
Results 
Intake, digestible and retailied energy 
The intake energy and retained energy were determined for fish fed continuously on test diet 
no. J. These result~ are presented in Tables 2 and 3. Table 2 shows that the intake energy and 
djgestible energy are 19.80 MJ and 15. 12 MJ/kg respectively. The digestible energy is 76.50% of 
intake energy and intake energy lost in faecal energy should be 23.5%. 
Table 2. Energy intake and digestible energy content of a lest diet measured with grass carp* 
Experiment Diet Gross energy Jntake Digesli ble energy Digestible 
inta ke energy coefficient energy 
No (g) (MJ/kg) (MJ ) (%) (MJ/kg) 
1009 19.24 19.41 76.5 14.85 
2 1045 19.24 20 .11 76 .5 15.38 
Average 1027 19.24 19.76 76.5 15. 12 
* All results are expressed on a dry matter basis. 
Table 3. Gmwth and energy retained by grass carp fod test diet* 
Ini ti al Final Weight Gross energy Retained RE 
Experiment weight weight gain content carcass energy (RE) IE 
No. (g) (g) (g) Initial Final (MJ) (%) 
(MJ/kg) 
l 124. 5 368. I 243.6 19.3 24.4 6.58 33.9 
2 134 .4 362 .8 228 .4 19 .4 24.6 6.30 3 l. 3 
Average 129. 1 365.5 236 .0 19.4 24.5 6.44 32.6 
±SD ±5.0 ±2.7 ±7.6 ±0. J ±0. 1 ±0.20 ±1.3 
* All results are expressed on a dry matter basis 
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The retained energy is that portion of the feed energy retained as parts of the body or voided as 
a useful product. In growing fish part of the retained energy is stored as protein and part as fat, 
whic h results in the weight gain of fish. ln the current experiment usin g whole egg protein of a 
higher biological value in the diet greatly promoted protein depos ition within the fish body. The 
result shows that retained energy reached 32.6% of intake energy. 
The nitrogen balance of grass carp 
The nitrogen balance was obtained by measuring the metabolic faecal nitrogen (Fo) and 
endogenous urine nitrogen (Uo) excre ti ons when the fi sh were fed on a nonprotein diet. The 
results are listed in Table 4. 
Tahlt! 4. The me1ahol1c and endogenous nitrogen excrc1ion ot gr3SS carp feu test J iet 
Body wcigh1 of' M etal'>olic Endogenous Total excretion of 
grass carp nitrogen (Fo) Nitrogen (Uo) nitrogen (Fo + Un) 
(g l mg Nil 00 g B. W /day 
256. I ± 50.5 3.-W ± 1.17 8.58 ± 2.48 12.02 ± 1.60 
The nitrogen balance (Fo + Uo) for gm - carp was 12.02 (mg N/JOO g B.W/day). 
Multiplying the above data with the corresponding calorific values of nitrogen (kJ/gN ). the 
nitrogen maintenance energy of 0. 72 kJ was obtained for the grass carp' s body weight. This figu re 
is generally small <Uld could be neglected in evaluation of digestible energy and metabolic energy. 
Non-faecal excre tion energy passed throu gh the urine, gills and body surface is generally 
about 2-7% of intake energy ( Brett et al. 1979; Cho et a l. 1979). The present s tudy refers to this 
data. 
Basal metabolism 
Oxygen consumptio n by g rass carp was measured by placing different sized fi sh in a 
respirometer at 22.0 ± I .0°C. The results showed a s ignificant corre lation between oxygen 
consumption (Y) and the body weight of the fi sh (X). Body weight and oxygen consumption were 
expressed by the following equation: Y = 0.459 xo.63 I (Figure 3). 
The oxygen con umption for I 00 g body weight of grass carp calcul ated using this equation 
wa 0.2 g 0 2 per day. Tr oxygen consumption is converted to heat produc tion, the oxygen caloric 
equivalent values of 13.8 kJ/g of 0 2 consumed mu. t be used when the dietary sources are protein 
and carbohydrate in rhe test diet in this experiment. Therefore, the basal metabolism of fish should 
be 2.76 kJ (0.2 g 02 x 13.8 kJ/g 0 1) per day . Consequently the total basal metabolism o f gras 
carp measured in the growth ex periment (Experiment l ) would be 1.32 M J or 6.7% of che intake 
energy. 
Tile partitioning of gross energy of diet consumed by grass carp 
The energy intake of grass carp was divided among several functions within the fish body. On 
the basis of results obiained in this study, a summary of dietary energy utili zation by grass carp is 
described in Figure 4 . To illustrate the energy llow in grass carp we have used the e nergy balance 
equation I= M + G + E (I, energy inges ted: M. metabolism; G, growth: E, excretion) to describe 
various paramctrics: 
I 001 = 36.9M + 32.6G + 30.5E 
The energy budget shows that about one-third of the energy of the die t fed to grass carp was 
lost as combustib le waste product. This included une aten food, faeces, and urinary and gjJ] 
exc retions. One-third of the dietary e nergy was oxidized 10 supp ly the energy needs of the fi sh , 
and one-third was retained for fi sh growth. Figure 4 g ives a breakdown of intake energy in various 
fractions. The values in parentheses are che percentages of intake energy. 
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Figure 3. The relalionship between hody weight and oxygen 
consumption (basal metabolic rate) in grass carp 
Intake energy ([E) 
( 100) 
- Pnecal energy (FE) 
(23.5) 
Digestible energy (DE) 
(76.5) 
Metabolic excretion 
(UE) + (GE) 
(7.0) 
Metabolizable energy (ME) 
(69.5) 
Maintenance 
basal mctaboh m CBME) 
(6.7) 
Activity (MF+ MA ) 
Retained energy {RE) (30.2)* 
Growth 
(32.6) 
Figure 4. Partitioning or dietary energy for grass carp 
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Discussio n 
The oxygen consllmption-weight dependence has been widely studied in fish. It can be 
described by the general equation Y = aWb. where Y is the oxygen consumplion, Wis the body 
weight and a is a constant which is dependent on species and temperature. Winberg ( 1961) gives a 
fo1mula for all fish species: Y = 0.307 x wo.s 1. In the present ex~eri ment the following regression 
was obtained for grass carp fed with the test diet: Y = 0.459 x W .63. 
The exponent b deviated greatly from those obtained by Winberg ( 196 1) and recommended by 
Brett and Groves ( 1979). However. it is similar to the results given by Fischer (1970) for grass 
carp. Fischer reported that the fo llowing regression was obtained for fish fed with an imal food 
(Tubficidae): Y = 0.300 x w<>.77 and for fish fed wi,th plant food (Lactuca saliva): Y = 0.487 x 
wo.6 . Therefore oxygen consumption is dependent on the ecological characteristic of the species. 
Energy budgers for carnivorous fish are more readily available (Brett and Groves 1977; Cho el 
al. 1982; Smith 1989) than for herbivorous fish. Stanley (1974) attempted to determine an e nergy 
budget for large grass carp fed on the aquatic macrophyte Egeria densn. Although it was deduced 
that from a caloric intake of 96 kcal approximately 40 kcal was excreted, 74 kcal deposited in 
growth and 8 kcal expended in metabolism, there was no net gain in protein (quoted by Brett and 
Groves I 979). Fischer ( 1972) reported that when grass carp were fed on ly on lettuce (Lactuca 
satira) they were hardly able to maintain their body weight. 
For ringerlings 40 to 120 g in weight an average energy budget equation at 22°C worked out 
to be 1001 = 16M + 3G + 81 E. However, considerable improvement in growth occurred when 
grass carp shi fted to a d iet of tubificid , obtaining an average equation of 1001 = 23M + I 7G + 
60E. In our experiment we used whole ch icken-egg powder as a major protein source in the diet, 
and grass carp obtained higher growth energy than in both of the studies mentioned above. 
T hese resulcs suggest that successful fish culture will depend on the provision of d iets 
containing an etppropriate balan~e of nutrients and adequate energy and prolein to permit the most 
efficient growth. Therefore it is necessary to supply 3200 to 3500 kcal/kg of digestible energy in a 
diet containing 28% crude protein for maximum growth for juvenile grass carp. 
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Abstract 
A feeding trial was conducted lo evaluate the ut il ization of carbohydrate (CllO) as dietary energy 
sources by silver barb (tawcs), P11111i11s go11io110 111s. Eight isonitrogenous diets were fo rmulated from 
purified ingredients with eight different levels or carbohydrate (0, 6, 12, 18. 24, 30, 36 and 42%). 
Replicate groups of fishes were fed at the rate of 3% of their biomass daily for eight weeks in IS L aquaria. 
Biised on specific growth rate (SGR), weight gain (%). food conversion ratio (FCR) and protein efficiency 
ratio (PER), ii was observed Lha1 the silver h<.1rh (P. go11io11ot11s) fry grew llcst on the diet containing 30% 
dextrin with PIE ratio of 73.8. 
Dietary level had ~ignificant (p<0.05) effecl on weight gain, SGR and PER of growth parameters. 
Analysis of corrclatitin coefficient (R) indica1cs that 1he dietary carbohydra1e (dextrin) directly correla ted 
with weigh! galn (%). SGR and PER and inversely correlated with the FCR. Carbohydrntc-frec diet resulted 
in reduced carcass crude pro1cin and lipid content and increased moisture and ash contents. The 
intracorrclatiun values ln gr(>Wth parameters were all strongly (p<0.01) correlated. 1 o the case of 
intracorrelations in carcass composi1ion. moisture was found tl• he strongly (p<0.01 l and inver~cly 
cnrrt'latcd with carcass crude protein (r = - 0.857). 
Introduction 
The silver barb (tawes). Puntius gonio11 01us, which is locally known as sharpunti, was 
introduced to Bangladesh about five years ago. It is now a popular fanned fish, preferred for its 
fast growth and delicacy. However, farmers are facing problems in its culture because of the non-
availability of complete feed. It appears that there is some information available on its life history 
(S ipitakkiat and Leenannond l 984), but there is no information available about the basic nutrient 
requirements of this fish except for a report on protein requirement (Wee and Ngamsnae 1987). 
f nformation on nutri tional requirements of major dietary components such as protein and 
energy is the prerequisite for the formulation of a least costly and balanced diet for fish. 
Carbohydrate is one of the major dietary components as it not only supplies the necessary energy 
but also has a protein-sparing effect in fish. T he present ~tudy was undertaken Lo determi ne the 
optimum dietary requirement of carbohydrate level for silver barb, P. gorzionotus. 
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Materials and Methods 
Eight isonitrogenous diets were formulated using casein as the source of protein wi th eight 
levels (0, 6, 12, 18, 24, 30, 36 and 42%) of carbohydrate (dextrin) (Table I). The experimental 
Jiets contained a crude protein level of approximately 27.0 to 28.0% and a gross energy level of 
2.44 to 4.16 kcal/g. Puiified dietary ingredients were mixed and pelleted using a meat grinder. The 
pellets were dried in an oven al 40°C and stored in a refrigerator at 6°C. The fish were fed twice a 
day at tOOO and 1700 hrs at the rate of 3% of body weight per day. Fish were weighed every week 
to determine the ration for each tank. The weighing of fish during and on termination of the 
expe1iment was as described by Hasan et al. (J 989). 
Table I. Composition of test diets (%) 
Diet No. 
lngreuients 2 3 4 5 6 7 8 
Casein 35 35 35 35 35 35 35 35 
Dextri n 0 6 12 18 24 JO 36 42 
Lipiu 1 5 5 5 5 5 5 5 5 
Mineral mixture2 4 4 4 4 4 4 4 4 
Vitamin mixcure2 0 .5 0 .5 0.5 0.5 0.5 0. 5 0.5 0.5 
Chromic oxide 0.5 0.5 tU 0 .5 0.5 0.5 0.5 0.5 
AJ~h11 Cellulose 52 46 40 34 28 22 J 6 lO 
C'arhoxymcthyl Cellulose 3 . 3 3 3 ... 3 ~ .) .) 
N111rie111 <'0111e111s 
Crude protein(%) 17.9 27.6 27.7 27.9 27. I 27.0 28.0 27.3 
Crude liriitl (%) 4 .9 4.8 4 .7 4 , 8 4.8 4.8 4.S 4.9 
Grnss energy (kcal/ I OOg.) 2.44 2.68 2.93 3. 17 3 .42 3.66 3.9 J 4.16 
t Mlxlllre of soybean ui l : cod liver oil (2: 1) 
2 After Akand ct al. ( 1989) 
Twenty-day old induced-bred fry of Puntius gonionotus were used in the diet. Fry were 
maintained on a pelleted artificial feed until used in the experiment. Prior to the initiation of the 
reeding trial. fish were acclimated to test diets for one week. Each test diet was fed to duplicate 
groups of fish for eight weeks. Ten fish were stocked in 15 L glass aquaria, provided with 
aeration. Aquaria were cleru1ed and refilled with fresh water every morning. 
Proximate composition of fish and feed samples were analyzed by the methods of the 
/\ssociation of Official Analytial Chemists (I 970). Gross energy of the diets was calculated using 
kilocaJoric values of 5.6/g protein, 9.5/g lipid and 4. l/g carbohydrate (CHO) (Cho et al. 1982). 
Specific growth rate (loge final body we ight - loge initial body weight/time x 100), food 
conversion ratio (dry food intake/live weight gain), protein efficiency ratio (live weight gain/protein 
intake) and survival rate (initial no. of fish/final no. offish>< 100) were calculated. 
Variations in weight gain (%), SGR, GCR and PER, and body lipid (%), protein (%),ash 
(%) and moistme (%)after feeding the test diets were analysed by One Way ANOVA and their 
mean differences by least significant difference (LSD). Correlations of the proximate composition 
of feed and carcass composition of the fish were calculated by simple regression analysis. 
Results 
During the feedi ng trial the fish readily accepted the diets and no food remained at the bottom 
of the aquaria. Mortality of fish in all dietary groups was less than 5%. The growth response of the 
fish under various dietary treatments is presented in Table 2. Growth response of fish in terms of 
weight gain (%) and specific growth rate varied significantly among the dietary treatments. Weight 
ga in (%) was highest in fish fed diet no. 6 followed by diets no. 5, 7 and 8, respectively. 
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1·able 2. Average iniriaJ and final weighc, weight gain, Specific Growth Rate (SOR), Food Conversion Ratio (FCR). Protein 
Efficiency Ratio (PER) and survi va.l rate(%) of fi sh fed various cxpcrimcncal diets 
Diet No. Jniti:il wt, Fina l wl. Weight gain SGR FCR PER Surviva l 
(g:) (g) (%) (%) 
0.55 LOO 80.2de L.05d 1-78a 0_78e s 
2 0.56 1.04 87.tce J .12c J.65be 0.84ce 5 
:i 0 .56 1 06 90. Ice 1. 15c 1.6 7b 0.92c 0 
4 0 .56 1.09 96.6c J.21 c I .64be !J.93c 5 
5 fl 56 1.21 1I5.3b J .37b l .63be I. 11 b 0 
6 0.57 1.4 1 J47.8a I .62a l.32d I .38a 0 
7 0. 58 1.25 \ 15 .2b I .37b J.60ce I .09 b () 
8 0.57 1.21 l I 2.3b 1.35b l.58c I .04h 0 
Their significant differe11ccs were done after LSD test. 
Mean~ fo llowed by the same letter arc nor signifieanlly (p<0.05) different 
Simi lar results were obLained when the growth parameter was expressed in terms of specific 
growth rate (SGR) (Table 2). SGR vaded bet ween 1.05 and 1.62 among dietary groups. The FCR 
ranged from 1.32 to 1.78 and was found to be significantly different among the groups. FCR 
reflected the same trend as weight gain (%) and SGR. The PER showed a similar response to those 
of weight gain (%) and SGR. PER, which ranged between 0.78 and 1.38 was signifi cantly 
(p<0.05) different among the treatment groups. 
The proximate composition or fish after feeding the test djets for 56 days is shown in Table 3. 
After the feeding Lrial the carcass protein and lipid contents increased and that of ash contents 
decreased among the fish in all dietary groups. The contents of carcass protein, lipid and ash were 
found to be significantly different among the treatment groups. With the increase of dietary 
carbohydrate level, Che body lipid content was found to increase in all dietary groups. This is also 
ev ident from the correlation coefficient analysis of dietary carbohydrate level with body 
composition (Table 4). The protein and lipid contents were found to be significantly (p<0.05) 
higher in fish fed diet no. 6 than those fed other diets (Table 3). The re was no significant 
difference in the protein content of fi sh fed diets no. I and 4 , and 5 and 7. Similarly there was no 
difference in the protein content of fish fed diets no. 2, 5 and 7. 
Table 3. Average carcass lipid, protein, ash and mo isture(% fresh weight basis) content of fish fed various experime ntal 
diets 
Diel No, Moisture Crndc protein Crndc lipid Ash 
(%) (%) (%) (%) 
Initial 76.87 I 5.23c 2. I 8h J.83a 
1 75.12 I 7.35b 3.46g 2.46e 
2 76.97 16.02d 3.6 1 f 2.3.5h 
J 76.82 16.56c 3.72c 2.50d 
4 75.69 I 7.47b 3.66e 2.40g 
5 76.65 16. 16d 3. 69d 2.62h 
6 75.26 I 7.69a 3 .85a 2.43 F 
7 76.71 16.2 1d 3.82b 2.58c 
8 75.69 I 7 .45b 3.72c 2.52d 
Menns followed by the same letcer in each column are not stgnit1cantly (p<0.05) different. 
Table 4 . Correlation coefficients (r) of proximate composi tion and carbohydrate content of feed wich body weigh! gain 
<%>. SGR. FCR and PER offish 
Weight gain SGR FCR PER 
(%) 
Mtiisturc 0.342 0.214 -0.264 0.301 
Crude pt<>tei n -0.444 - ().429 0.48 l • -0.4!<6• 
Cnidc lipid 0 . 194 0. 143 -0.12 5 0.227 
Carbohydrate 0 .6J'i-- U.62()U - 0.J 18 0.533 ~ 
df =lo. ~P < o.05 and U p< 0.0 ) 
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The correlatjon values of weight gain (% ), SOR, FCR and PER with dietary carbohydrate 
level showed that dietary carbohydrate bad significant (p<O.O 1) correlations with weight gain per 
cent (r = 0.635, p<0.01), SGR (r = 0.626. p<0.01) and PER (r = 0.533, p<0.05) (Table 5). 
The direct and residual effects of proximate composition of feed on the growth parameters of fish 
is shown in Table 5. Residual effect showed that there were some effects other than proximate 
composition of feed on the growth of P. gonionotus. 































On the basis of the weight gain(%), SGR, FCR and PER of fish, it is estjmated that 30% 
dietary carbohydrate (dextrin) is required for maximum growth of silver barb, P. gonionotus. The 
results presented in Tables 2 and 4 indicate that the inclusion of dietary carbohydrate (dextrin) had 
a positive effect on the growth of silver barb. The weight gain (%), and SGR increased with an 
increased dietary carbohydrate level from 0 to 30% and declined thereafter at higher levels of 
carbohydrate (diets no. 7 and 8). The decrease in weight gain(%) and specific growth rate may be 
due to the higher energy content in the diets (Page and Andrews 1973; Daniels and Robinson 
1986). An inverse relationship between growth and dietary energy was reported by Daniels and 
Robinson (1986) in juvenile red drum (Sciaenops ocellatus). Thirty per cent inclusion of dietary 
carbohydrate seems to be high in comparison to the salmon ids which need a much lower amount. 
Dietary carbohydrate levels of 12% and 20% are recommended for trout (Phillips et al. 1948) and 
chinook salmon (Buhler and Ha.Iver 1961), respectively, as higher amounts usually retard the 
growth (Austreng et al. 1977). The requirement of a comparatively high amount or dietary 
carbohydrate (30%) for maximum growth of silver barb may be due to the herbivorous nature of 
this fish. Herbivorous fish can metabolize carbohydrate better than carnivorous species (Shimeno 
cl al. l 979; Cowey and Sargent 1979; and Furuichi and Yone 1981 ). 
The values of SGRs and FCRs are good al protein/energy ratio of 10.4 l . This value is a little 
higher than the value (8 to 9) recommended for channel catfish (NRC l 983) but comparable to the 
values reported by Akand et al. ( 1989 and 1991) for stinging catfish, Heteropneustesfossilis, and 
Hasan et al. ( J 989) for Asian catfish, Clarias batrachus. PER values (Table 2) showed a trend 
simi lar to SGRs. The values of PERs are high with diets containing 24% and 36% carbohydrate. 
Low PER vaJues in the fish feel diets no. I, 2, 3, 4 and 8 may be due either to inadequate or to 
excess dietary energy (Daniels and Robinson 1986). 
The significant correlation of dietary carbohydrate with weight gain(%), SGR, FCR and PER 
indicates that dietary carbohydrate is essential for better food conversion, protein utilization and 
maximum growth of si lver barb. Direct correlation of weight gain(%) of fish with SGR and PER. 
and inverse correlation of the same \.Vith FCR are usual in fish (De Silva et al. 1989, and Akand et 
al. 1991). 
Although the carcass protein and lipid contents increased after feeding the test diet, there was 
no appreciable c hange in body composition of the fish following the treatments. Deposition of high 
body lipid contents in the fish fed higher amounts of carbohydrate (diets no. 6, 7 and 8) may be 
due to the availability of enough energy in those diets. Fatty carcass of fish at higher dietary 
carbohydrate levels were also reported by Wee and Ng ( 1986). Inverse relationship of body lipid 
content with protein and moisture contents is a common phenomenon in fish and comparable to the 
results of Stansby and Olcott (1976). Based on the results of the present investigation, it is 
estimated that the dietary carbohydrate requirement of P. gonionotus is about 30% at 29°C when 
dex1rin is the source of carbohydrate. 
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Abstract 
The porenrial <>f partial replacement of fish meal protein with protein from indigenous leaf meals in 
prnctical diets for milkfish. Chw1os dwnos CF<1rsskall was studied. Pive isocaloric ens kcal/JOO g diet). 
isonitrogenous (40% protein ), and isolipidic ( I 0%) diets were formulated to contain leaf meals from 
either ~warnp cahhage (kangkong, lpomea r ep1a11s). sweet potato (kamote. lpomea barmas). ipi l-i pi l 
(le11C'11t•1w leutocepha/n), and cassava (kamoteng k::ihoy. Ma11iho1 esc11/e111a). or a combination of swamp 
cahbage, sweet potato and cassava. 
The control J iet contained fish meal and soybean meal as sources of protein whi le the tesi Jiets 
contained fish me:il. soybean meal. and leaf m.:als replacing 1.5% of the fish meal protein. The protein 
sources were incorporated at levels that gave opt imal essencial amino acid patterns 10 the diets. Each diet 
was feo 10 tripl icate groups of fish (about 0.3 g) maintained at 20 ppl salinity and 29°C in a recirculating 
system for twe lve weeks. Growth, ree<l conversion ratio (FCR). protein efficiency ratio (PER). and 
survival of tlsh fed the various diets were not si gnificantly different from !hose of the control fish. 
Jlowcvcr. fi sh fed the diet contai ning cassava leaf me<1l showed the best growth, FCR. PER and survival. 
The data $Uggest that these leaf meals can be used 10 partially replace fish meal i n a diet for j uveni le 
mil k('i.~h it the requirements for essential amino acid& arc met. 
Introduction 
The intensification of milkfish culture requires the developmenr of supplementary or complete 
feeds. Fish meal continues to be the major protein source for fi sh feed. However, the rising cost, 
uncertain availabilily, and fluctuating quaJity of fish meal has led to the search for alternative 
protein sources fo r fish feed to sustai n fi sh production. The use of plant protein sources to 
complete.ly or partially replace fish meal in fish die ts has been studied for many years (Jackson et 
al. 1982; Tacon et al. 1984; Viola et aJ . 1984; Wee and Wang 1987; and Wee 1991). 
Various leaf meals whic h are potential protein sources fo r fi sh feed are avai lable in the 
Philippines. T hese include !'>wamp cabbage or kangkong (f pomect reptans), sweet potato or kamote 
(lpomea batatas), ipi l- ipil (leucaena leucoceplwla ), and cassava or kamoteng kahoy (Manilzot 
esculenta ). Some have been evaluated as dietary protein sources for other fi sh species such as Nile 
tilapia (Wee and Wang 1987; San tiago et al. 1988: Ng and Wee 1989) and T ilapia Mossambique 
(Jac kson et al. 1982). However, there is a scarcity of information on the use of these leaf meals as 
dietary prote in sources for milkfish. 
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The present study was conducted to evaluate the suitabili ty of indigenous leaf meal as a 
partial ·ubstitutc fo r fi sh meal in diets for milkfish, Cha11os cha11os (For skal) juveniles. The main 
con~ iderat ion in the design of the study is for the diets to be balanced with respect to the essential 
amino acid req ui rement of juvenile milk.fish. Thus. in the formulation, the maximum inclusion 
level of each of the Jeaf meals that would give an amino acid profile similar to the amino acid 
requirement of milkfish WU$ detem1ined. 
Materials and Methods 
Preparation nf leaf meals 
The leaves of swamp cabbage, sweet potato. ipil -ipil, and cassava were removed from the 
stems or sta lks of the plant , soaked in water for 24 hours, rinsed, and dried in an air convection 
oven at 60°C. The leaves were then ground in a Cyclotec grinder (Tecator, Hoganas Sweden) 
through a 60-mesh screen, and subsequently used as feed ingred ient. The proximate and amino 
acid compositions of the various leaf meals used in the formulation of the experimental diets are 
given in Table I. 
Tahlc I Proximate and essential amino acid composition of the various lc:if meals u~ed in the C)(pcrimcnt 
Proximate Composition c% dry weight) 
Swamp 
Cabbage 
Cnulc protein 27 .5 
Crude fat 3. 0 
Crutk librc 11 .6 
,\\h 13. 2 
N11rugm-trcc C\tracl 44.7 
b~c1Hial Ammo Acicts (g/100 g protein)' 
i\rg1nine 3.3 1 
111\lldine 2 .66 
lsnleucine 3.42 
Leucinc 6.55 
Ly~ine 4 .56 
M ethi onine l .53 
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The fom1ulation and proximate composition of the experimental diets are presented in Table 2. 
All diets were fonnulated tO contain 40% protein, 10% lipid, and energy of about 375 kcal/100 g 
diet. The control diet (diet no. I ) contained fish meal and soybean meal as protein sources. Jn diets 
no. 2- 5. 15% of the fish meal protein was replaced singly by the different leaf meals while in diet 
no. 6, the 15% replacemenc of fish meal prote in came from ( l : l : 1) combination of kangkong, 
kamote. and cassava. 
All test diets were balanced to match the essential amino acid requirement of milkfish juveniles 
(Borlongan and Colo o, in press) in a 40% protein diet (Table 3). Because of the restriction on 
protein and amino acid levels, as well as the Jimiting amino acid content of the leaf meals, the 
maximum amount of leaf meals incorporated in the diet ranged from 20-27% of the diet. This level 
of incorporation in the diet is equivalent to about 15% of crude protein. Cod liver oil and 
brcadnour were used as lipid and carbohydrate sources respectively while vitamin and mineral 
premixes were kept constant in all diets. Jn addition. breadflour also served as a binder. 
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Table 2. Composition of experimental diets 
Diet No. 
Ingredient 2 3 4 5 
g/100 g diet 
Peruvian Fish meal 53. 12 43.75 43.75 43.75 43.75 43.75 
Dcfatted Soyhean meal 14.63 14.63 14.63 14.63 14.63 14.63 
Swamp cahbage leaf meal 23. 10 7.69 
Sweet potato leaf meal 27.27 9.09 
Cassava leaf meal 27.27 9,09 
Jpil-ipi l leaf meal 20.00 
Cod liver oi l 5.48 5.59 5.27 4.03 5.29 4.96 
Vitamin mi 1t1 3.00 3.00 J.00 3.00 3.00 3.00 
Mlnernl mix 1 2.00 2.00 2.00 2.00 2.00 2.00 
Butylatcd h ydro.xyanisolc 0.05 0.05 0 .05 0 .05 0 .05 0 .05 
Celufil 5.40 
Breadnour 16.32 7.88 4.03 5.27 1 1.28 5.74 
Proximate Analysis (%of dry matter) 
Crutte protein 41. 2 40.8 40 .9 40.7 41. l 40.3 
Cmde fat l0.2 10.3 10.4 10.5 10.5 10.3 
Crude tibre 7.9 6 .8 6.8 7.1 7.3 7.2 
Ash I 0.2 I 1.5 I 1.8 10.6 10.4 I 1.6 
Nitrogen-free extract 30.5 30.6 30. I 31. I 30.7 30 .6 
Estimated energy· 
(kcal/ I OOg diel)l 378.6 378.3 377.6 38 1.7 38 1.7 376.3 
1 Rorlongan and Benitez J 990 
icompuled ba~ed on standard physiological ruel value of 9 kcal g-1 for fat and 4 kcal g- 1 for protein and carbohydrate 
Table 3. Calo11l::ite<l level of amino acid in the expcrimentul diets and essential amino acid requirement of milkfish in a 40% 
protein diet 
Amino Acids Diel Requirement Level 1 
2 3 4 5 6 
Arg 2.24 2. 11 2.13 2.04 2.20 2.09 2.10 ± 0.10 
His 0.80 0.85 0.86 0.82 0.78 0.84 0.80 ± 0.08 
lie l.67 1.64 1.65 1.74 1.83 l. 67 1.68 ± 0.20 
Lev 2. 83 2.80 2.88 2.68 2.8 I 2.79 2.04 ± 0.22 
Lys 2.85 2.68 2.67 2.8 I 2.77 2.72 1.60 ± 0.24 
Mel+ Cys 1.42 1.32 1.33 J.32 l.J I 1.33 1.30 ± 0.1 2 
Phc + Tyr 2.87 3.04 3.22 2. 94 2.90 2.9 1 2.73 ± 0.18 
Thr 1.57 1.57 1.60 I .49 1.63 1.55 J.60 ± 0.18 
Trp 0.27 0.23 0.23 0.23 0.23 0 .23 0.24 ± 0.08 
Val 2.04 2.05 20.8 1.94 2.11 2.03 J .42 ± 0.24 
1 Based on Borlongan and Coloso, in press, Values are expressed as g/100 g dry diet± SE 
Diets were prepared by first mixing all dry ingredients except breadflour, in a Hobart mixer. 
Cod liver oil (with BHA added) was then blended with the dry ingredient mixture. The breadflour 
was gelatinized and cooked in 600 m.L water and added to the mixture. The semi~moist mixture 
was then passed through the Hobart food grinder to form 2 mm diameter pellets. The pellets were 
dried in an air convection oven at 40°C. The dry pellets were then ground, sieved to uniform s izes, 
and stored at 4°C. 
Experimental fish and f eeding 
Hatchery-bred milkfish fingerlings (0.30-0.40 g) were acclimated for two weeks to 20 ppt 
salinity and to a dry diet (40% protein) prior to the experiment. The fish were reared in a series of 
24 oval, fibreglass tanks (60 L capacity) , us ing a recirculating brackishwater (20 ppt) system. 
Fish were randomly di stributed among tanks at I 0 fish per tank. Triplicate tanks per treatment were 
arranged at random. 
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The fish were fed twice daily at 0900 hrs and 1300 hrs with half of the daily ration given at 
each feeding. The feeding rate was J 5% of body weight per day for the first six weeks and was 
reduced to I 0% body weight per day for the last six weeks. Fish were weighed and feeding rations 
were adju ted accordingly al three-week intervals. The experiment lasted for twelve weeks. 
The tanks were cleaned daily using a siphon to remove the accumulated faecal matter. Tanks 
were sc rubbed and water quality monitored once a week. The waler quality parameters (pH, 
ammonia- nitrogen, nitrite-nitrogen and dis olved oxygen) recorded during the trial were within 
acceptable range . 
Chemical analysis 
All feed ingredients and expedmental diers were analyzed fo r proximate composHion. 
Moisture content was determined using a moisture determination balance (Mettler LP 15). Crude 
prote in, crude fat, and crude fibre were determi ned using the Tecator analyzer systems (Tecator, 
Hoganas. Sweden). Ash was obtained by drying in a furnace at 550°C. Nitrogen free extract 
(NFE) was calculated from the difference between J 00 and content of protein , fat, fibre and ash. 
Amino ac id data on leaf meals and other feed ingredients were deri ved from Pefiaflorida ( l989). 
Statistical analysis 
Data were ubjected to analysis of variance CANOVA) and Duncan's Multiple Range Test 
(DMRT). Difference between means were considered significant at p<0.05. 
Results and Discussion 
During the experiment, fish consumed the feed we ll and rhe acceptabil ity of all diets was 
similar. Data for growth, feed conversion ratio (FCR), protein efficiency ratio (PER), and survival 
are shown in Table 4. Fish fed diet no. 4 containing cassava leaf meal gave the best growth and 
urvival , bul this was not significantly different from the other rreatments, including the control. 
Value for FCR and PER also did nor significantly di ffer among the treatments. Results show that 
leaf meals used in this s tudy could partly substitute fo r fish meal provided that the essential amino 
acid requirements of the fish are met and the leaf meals properly processed. 
Table 4. Re~pnnse of milkfish juveniles to the various tesl diets1 
Diet No. Weigh~ Gain(%) SGR2 (%/d) Survival (%) FCR3 PER4 
751.5 ± 21:\.7 11 3.06 ± o.osa 67 ± 12a 1.6 ± 0.23 1.58 ± o.2a 
2 771.9 ± 118.sn 3.07 ± 0.223 70 ± wn 1.5 ± 0.4a 1.73 ± 0.4a 
-1 755.2 ± 24.sa 3.06 ± 0.04a 67 ± 60 1.6 ± o.2n 1.58 ± 0.2.a 
4 800.6 ± XR.83 3. 13 ± 0.13" 87 ± 23° 1.4 ± o.2a 1.8 1 ± 0.33 
.5 76.t.4 ± 117 . .53 3.07 ± O. t9a 77 ± 25a 1.6 ± 0.4U 1.60 ± 0.43 
6 7.55.2 ± 8.6a 3.07 ± 0.02:1 73 ± 153 1.6 ± 0.2.n 1.58 ± 0.23 
1 Values are mean~± SEC\1. Values in columns having the same superscript are not significantly differem at p<0.05. 
In( final wl. - ini tial wt.) x 
100 ' Spcc1f1c growth rate (SGR) = 84 days 
~ Feed Conversion Ratio CFCR) = total dry feed fed (g)/totaJ wet weight gain (g) 
" Protein Eflic1cncy Ralio (PER)= wet weight gain (g)/amount of protein fed (g) 
One o f the factors which limits the incorporation of plant protein sources in fish diets is the 
presence of anti -nutritional factors. Some processing techn iques can be used to remove or reduce 
the anti-nurritional factors and increase the bioavailability of nutrients. Soaking and drying the 
leaves prior to use has been shown to reduce the potency of toxjc factors present in them. Fol' 
instance, the mimosine content of ipil-ipil can be reduced by soaking in water for 24-48 hours 
(Wee and Wang 1987; Peiiaflorida et al. l992). Soaking and drying of cassava leaves also 
removes any hydrocyanic acid that may have accumulated (Ng and Wee 1989). In sweet potato 
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leaves. rnnnins and low levels of trypsin inhibitor may also be el iminated by soaking and drying 
(Lin and Chen I 985). 
With available information on the essential amino acid requirements of milkfish (Borlongan 
and Coloso, in press) it was possible to find the optimum ratio of fish meal protein to leaf meal 
protein in the feed intended as a complete diet. At 15% level of replacement, all the essential amino 
acids were adequately provided. Higher replacement levels would result in deficiency in some 
essential amino acids and would require supplementation with crystalline amino acids particularly 
methionine. threonine and tryptophan. 
The Jack of information on the digestibility of various leaf meals in milkfi!>h has made us 
assume these values 10 be more or less equal for all the leaf meals. a limitation in the present study. 
Studies co detemtinc the digestibility coefficients of v,arious leaf meal for milkfish are necessary. 
Without more detailed information as to the digestibility of various feedstuff · the conduct of Jeast-
co~t feed formulations for milkfish can not readily progress. 
Since the objective of this study was to evaluate the direct nutritive value of the leaf meaJs, the 
experiment was ctuTicd out in an indoor cJear-wutcr recirculating system. However, mjlkfish given 
a low nutritional quality feed in ponds grow better than milkfish given the same feed under 
controlled laboratory condition · (Sumagaysay ct al. 1991 ). This shows that natural food in ponds 
contributes. ignificanlly to the nutrition of milkfish. Perhaps feed containing leaf meal at 15% 
replacement may result in higher growth rates of milk fish in ponru. 
Supplementary feeds containing leaf meal at levels higher than 15% replacement should also 
be tested for cmi-intensive culture of mjlkfish in brackishwater ponds. The development of 
effective and low-cost , upplementary feed should encourage fish farmer. to intensify mi lkfish 
culture in brack.i5.hwater ponds. 
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Abstract 
A 77-day laboratory feeding trial was conducted Lo evaluate the suitability of leucaena (leucaena 
le11c-ocephola) leaf meal as a partial subs1i1ute for dietary fish meal pro1can for fingcrlings of Tndian major 
carp. Laben rohiw. Six experimental diets were formulated to contain 25. 50 and 60% of the total die1ary 
protein as te~c procei n using soakt'd and unsoaked leucat'na leaf meal. All diets were formulated to contain 
atiout 30% protein. Evaluation of diets was carried out on the basis of feed acceptabili ty, growth. body 
composition, feed conversion. protein utilization. digestibility and hislopathologieal changes. Leucaena 
soaked for 48 hrs has shown significantly (p<0.05) better performance than unsoaked leueaena al all 
lcvcb of inclusion, 'T'herc was u trend of reduced perforrnnncc with increasing inclusion of plane protein in 
the cJret for al l trnacmcnb. However, in terms of cosc of feed and economic retu rns. the diets containing 
50% and 25% inc l u~ioo or soaked leucaena wem belter than all other diets. Histormhologfcal 
examination of the liver revealed thac soaked lcucnena produced comp:lrativcly mild lesions compared 
with the unsoaJ<cd lcucaena inclusion. However. lesions were not observed in the liver of fish given 25'fo 
inc l u ~ ion of soaked leucnena. Lesions included congestion or the hlood vessels and fall)' changes in lhe 
hcpawcytes; nnd became more severe with higher levels of inclusion. 
Introduction 
The use of leaf meal as a possible fish meal substitute to reduce the cost of fish feed is 
receiving increasing attention by fish nutritionists around the world. Leucaena, a protein-rich 
tropical leguminous plant, is grown in Bangladesh. It has been widely used in many parts of the 
tropics as a protein upplement in ruminant and poultry feeds. 
Studies have been conducted to evaluate the nuLrit ive value of leucaena leaf meal as a dietary 
protein source for fish. A review of the literature reveals contradictory results regardi ng its use as a 
fish feed. Improved growth performance with leucaena a a dietary prote in ource has been 
reported for Java ti lapia (Pantastico and Baldia 1979; Ghatnekar ct al. 1983), Ni le tilapia 
(Pantastico and Baldia 1980) and Indian major carp (Ghatnekar et al. 1983). On the contrary, 
reduced performance in fish fed diets containing Jeucaena has been reported for Java tilapia 
(Jackson ct al. 1982). Nile tilapia (Santiago et al. 1988). common carp (Mohire and Devaraj 1990) 
and giant ti ger prawn (PascuaJ and Catacutan 1990). 
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Leucaena leaf contains a toxic non-protein amino acid, mimosine, a lysine derivative CP-N(3-
hydroxy-4-oxo pyridine) a-amino propionic acid), which is apparently responsible for the reduced 
growth in the animal. ft has been repo1ted that mimosine can be degraded to a relatively less toxic 
form through various methods of processing (NAS I 977i Pascual and Pefiaflo1ida 1979; Liener 
1980; Goh! l98 1; Wee and Wang 1987). Pascual and Pefiaflorida (1979) observed that soaking 
leaves in freshwate r was a highly efficient method to extract mimosine from leucaena leaves. 
Several studies showed that fi sh fed diets con taining soaked leucaena had a higher growth and 
survival rate than fish fed unsoaked leucaena leaf meal (Pascual and Tabbu 1980; Wee and Wang 
1987; Hasan et al. 1990). 
Tbe Indian major carp, Labeo rohita (Hamilton) is one of the most preferred fanned fish 
species because of its fast growth and higher accep,tabi lity to consumers. However, so far, no 
appropri ate feed has been developed for this species in more intensified culture. Although Hasan et 
al. ( 1990) investigated the use of Jeucaena leaf meals as a die tary protein source for the fry of l. 
rohita, no study has been conducted with fingerlings. The present investigation was designed to 
evaluate the suitability o f 1eucaena leaf soaked for 48 hours as a patiial substitute for dietary fi sh 
meal protein for major carp fingerlings. 
Materials and Methods 
A static indoor rearing system was used for the feeding trial. Njnety-six litre capacity 
rectangular glass aquaria containing 80 litres of water were used. Artificial aeration was provided 
to each o f the experimental tanks by an air compressor to maintain an adequate level of dissolved 
oxygen. Fingerlings were purchased from local fi sh vendors. Prior to the initiation of the 
experiment, the fingerlings were acclimated to laboratory conditions for at least 15 days. During 
the acclimation period fish were fed an artificial dJet containing fish meal, rice bran, wheat bran and 
wheat flour (protein content, 30%). 
Seven isonitrogenous diets were fom1Ulated. The control diet was prepared with fish meal as 
the sole source of p rotein. Fish meal (grade A) was purchased from the Bangladesh Fisheries 
Development Corporation, Dhaka. Leucaena, Leucaena leucocephala, leaves were collected from 
the Bangladesh Agricultural Uni vers ity campus. For soaked leucaena meal, leaves were soaked in 
tap water at ambient temperature (25-28°C) for 48 hours with frequent stirring and changing of 
water at s ix-hourly intervals. Both soaked and unsoaked leaves were sundried until the final 
product contained about 10% moisture and then ground to make leaf meal. 
All dietary ingredients were analyzed for proximate composition prior to the formulation of the 
diets. The proximate composition (% dry matter) of fish meal, unsoaked leucaena, and soaked 
leucaena were as follows: 
(a) fish meal-crude protein (CP) 65.63, e ther extract (EE) 20.92, ash 14.47; 
(b) unsoaked leucaena CP 27.23, EE 6 .28, ash 6.57, crude fibre (CF) 19.38; and 
(c) soaked leucaena CP 29.57, EE 5.34, ash 4.42, CF 18.77. 
The mirnosine contents ( % dry matter) of unsoaked and soaked leucaena were 2.4 and 0.397, 
respectively. All diets were formulated to contain 30% protein (NRC 1983; Akand et al. 1991), 
10- 11% lipid (NRC l983), 10-12% crude fibre (Jauncey and Ross J982) and 40-42% digestible 
carbohydrate. Diets were formulated to be isocaloric as far as possible. Each diet contained 0.5% 
chromic oxide to study protein digestibjljty . 
Soaked and unsoaked leaf meals were tested at three inclusion levels (25, 50 and 60% 
rep.lacemenc of fish meal prote in). The formulation and proximate composition of the experimental 
cLie ts are presented in T able l . The diets were prepared as described previously (Hasan et al. 
1989). 
Feed ingredients, experimental diets and fish samples were analyzed for their proximate 
composition (AOAC 1970). The gross energy (GE) content of the diets was calculated using 
kilocaloric values of 5.5/g protein, 9. l/g lipid and 4.1/g carbohydrate. The metabolizable energy 
(ME) content of the diets was calculated using k.ilocaloric values of 4 .5 g protein, 8.5 1/g lipid and 
3.49/g carbohydrate (Hasan et al. 1989). The chromic oxide content of the experimental diets and 
faeces was determined after Furukawa and Tsukahara ( I 966). Mimosine content of unsoaked and 
soaked leaf meal was determined colourimetrically (Matsumoto and Sherman 1951). At the end of 
the trial, fi sh samples from different treatments were fixed in 10% buffered formalin and 
histopathological examinations of the gill, liver, muscle, kidney and intestine were carried out. 
Table I. FormulatlCln (% dry weight}, proxi mate composition and cost per kg of the experimental diets 
(Bangladesh Taka 39 = US$ I ) 
Diet Control Unsoakcd leuc:iena Soaketl lcucaena 
Test protein 1%1 0 25 50 60 2 5 50 60 
Test protein source 27.54 5 5. 09 66. 10 25.36 .50.72 60.87 
Fi~h meal 45. 7 1 34 .28 22.R6 18.28 34.28 22.85 18.28 
Dcx tri n 4 1.35 29.92 17.79 11.09 3 1. 14 20. 92 15.42 
Soyhean nil 0.44 I. I 0 I. 76 2.03 l.48 2.51 L73 
Cod liver oil l.20 
Vitamin premi x" 0. 50 0.50 0 .50 0. 50 0. 50 0 .50 0 .50 
Mi neral prcrn ixh 0.50 0.50 0.50 0 .50 0.50 0.50 0.50 
Bindcrc 1.00 l.00 J.00 J. 00 1.00 I .O() 1.00 
Crude fi breJ 10.00 4.66 S.24 0.50 
Chromic oxide 0. 50 0.50 0.50 0.50 0 .50 0 .50 0.50 
Cost/kg diet {Tak:t) 20.46 16.47 l 2.44 10. 19 17.27 L4. l 2 14. 33 
Proxfm:ite composition(% Jry matter) 
Crude protein 3 1.43 29.93 3 1.58 29 .83 30.27 32.03 10, 73 
8ther extract 9.28 11.21 10.29 10.53 10.05 l 1.34 I t.Ol 
Ash 7. 16 6.85 7. 14 7.26 6.21 5.49 6.41 
Cruclc fibre~ I 0.00 10.00 10.68 12.8 1 10.00 10 .00 I J .43 
NfE 42. 13 42 .0 I 40.3 1 )9.57 43.47 4 l.14 40.40 
Chromic oiddc 0.47 0. 45 0.52 0. 5 1 0.44 0.44 0.46 
Mimosinef U.66 1.32 1. 59 0. 10 0.20 0 24 
Gross energy 
(kcal/g) 4 .30 4 .39 4.33 4.22 4.36 4.48 4 .35 
Met:ibolii.able 
energy (kc~l/g) 3.65 3.73 3. 70 3.56 J.68 3.88 3.75 
PE raliog 85.64 79.39 85.35 82. 40 8 1.1 5 83.4 1 82.39 
" Embavi t-GS (vitamin and trace mineral mixture, Rht1ne-Poulenc Bangladesh Ltd.); 
ti g/ 100 g mi x: sodium chloride 4.35, magnesium sulphate 13.70, sodium biphosph:lle 8.72, polas~ium 
phosphate (dihai:ic) 23.98. calc ium biphosphate 13.58, ferric citrate 2.97 and calcium lactate 32.70; 
" Souium carboxymethyl cellulose~ 
0 Acid and alkali digested dry hay; 
e Calculmed v::ilues derived from test protein source and other dietary ingredients; 
f Calculated from lhe analyzed mimosine content or the soaked and unsoaked leucaena le.af meal; 
!I Protein to energy ratio in mg protein/kcal of motabolizablc energy . 
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Fish (mean weight± SD= 3.49 ± 0.07 g) were randomly distributed at a rate of twenty fish 
per l<mk with three replications for each treatment. All fish were fed four times daily between 0800 
and 1700 hours at a fixed feeding rate of 5% body weight per day for the whole experimental 
peiiod of I J weeks. The feeding and weighing of fish during and on termination of the experiment 
were ns described by Hasan et al. ( 1989). In order to maintain good water quality , water in each 
tank was changed every day throughout the experimental period. Water quality parameters were 
monitored daily from each test tank. Water temperature ranged from 25-28°C: pH, 6.65- 7.68; and 
di ssolved oxygen, 4.8- 7.2 mg/L. 
Specific growth rate (SGR). weight gain (%), feed conversion ratio (FCR), protein efficiency 
ratio (PER), apparent net protein utilization (ANPU) and apparent protein digestibility (APD) were 
calculated after Castell and Tiews ( 1980). An economic analysis was performed to estimate the cost 
of feed to raise a unit biomass of fi sh following the procedure outlined by Hasan et al ( 1991 ). The 
approximate cost of each diet was calculated on the basis of the Mymensingh wholesale market 
price of all the dietary ingredients used and the labour cost for soaking leucaena. Comparison of 
treatment means was carried out by one-way analysis of variance (ANOV A), followed by testing 
for pair-wise differences using Duncan's New Multiple Range Test (Zar 1974). 
Results 
The fingerlings became accustomed to the experimental di ets within two lo three days of the 
start of the experiment. The acceptability of all diets was similar up to the third week after which 
the diets containing unsoaked leucaena were less acceptable than the "oaked leucaena. The control 
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diet was more acceptable than all leucaena diets except the diet containing 25% soaked leucaena 
which was more or less similar to the controJ diet. 
No mortality of fish occurred during the experimental period. Performance data of carp 
fingcrlings fed diets containing different inclusions of soaked and unsoak:ed leucaena leaf meaJ are 
presented in Table 2. Figure I shows that growth was more or less s imilar in the first three weeks 
and a clear trend w3S establi hed from the fifth week. The best pecific growth rate was recorded 
in fi ·h fed diet containing 25% soaked leucaena (SGR 1.41 % ) followed by fish fed the control diet 
(SOR 1.24%) and the diet containing 50% soaked Jeucaena (SGR 1.20%) (Table 2 and Figure 2). 
The lowest growth wa. ob erved in fish fed diet containing 60% unsoaked leucaena. Resul ts show 
a clear difference between soaked and unsoaked leucaena and a trend of reduced performance with 
increac;ed inclusion of plant protein in the diet<;. 
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Feed conversion ratios (FCRs) for the various test diets are presented in Table 2 and Figure 2. 
Diet con taining 25% soaked leucaena gave tbe best FCR ( l.87) followed by 50% soaked leucaena 
diet (FCR 2.09) and the control (FCR 2. l 7). For both soaked and unsoaked leucaena, FCRs 
increased significan tly (p<0.05) at the higher inclusion level and the soaked leucaena gave better 
values than unsoakcd ones. 
Protein utilization was measured in terms of protein efficiency ratio (PER) and apparent net 
protein utilization (ANPU%). The highest PER ( 1.64) and ANPU (24.3%) were obtained for 25% 
soaked leucacna d iet and the lowest vaJues (PER= 0.76; ANPU = 9.48%) for the 60% unsoaked 
1eucaena diet. (T able 2 and Figure 2). The trend of PER and ANPU for both soaked and unsoaked 
leucaena was ·imilar to that for FCRs. 
Apparent protein digestibility (APD) value were generally poor in aJI treatments. Irrespective 
of the soaking procedure, the APO values decreased with increased inclusion of leucaena in the 
diet · (Table 2). 
The proximate carcass composition of fish at the start and end of the trial is presented in Table 
2. No definite trend in carca compo ition was observed except that the fish fed soaked leucaena 
had lower moi lure and higher lipid contents than the corresponding groups fed unsoaked 1eucaena 
diets. 
The estimated total cost per kg of feed and the cost of feed to produce a kg weight of fish are 
given in Tables J and 2 respectively. The cost analysis shows that in terms of feed cost, the control 
diet was the most expensive and the diet containing 50% inclusion of unsoaked leucaena the 
cheapest. However, in terms of cost of feed per kg weight gain. diets containing 50% and 25% 
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Figure 2. Changes in specific growth rate (SGR}. food conversion rntio (11CR). prntcin efficiency ratio (PER ) and apparent· net proceir\ 
ut ili~a1ion (NJ\PUI of Lc1beo mhita fingerlings fed different inclusions nf lcuL-aena protein. 
There was no noticeable change in the histology of gills, muscle, kidney and intesti ne of fish 
fed different test diets. Some changes were however found in the histology of liver of fi sh fed both 
caked and Ltnsoaked leucaena leaf meal. Soaked leucaena produced comparatively mild lesions 
compared wi th unsoaked leucaena. The lesions included congestion of blood vessels and fatty 
changes in the hcpatocytes which increased in severity with higher inclusions. Thrombus 
formation was observed in 50% unsoaked leucaena only. HistopathologicaJ examinations of fishes 
fed the control and 25% soaked leucaena however did not reveal any changes. 
Discu ssion 
The present results demonstrate the suitabi lity of soaked leucaena as a possible partial 
<>ubstitute for fish meal protein. This study confirms rhe findings of Pascual and Tabbu ( 1980) for 
gian t tiger prawn (Penaeu.s monodon), Wee and Wang ( 1987) for Nile tilapia (Oreochromis 
11i/01icus) and Hasan e t al. ( 1990) for Indian major carp (labeo rohita). Jn all these studies, 
soaking of leucaena improved the growth a.nd other performances of fish compared to the fish fed 
unsoaked leucaena. 
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Table 2. Growrh. feed conversion. protein utilizat ion and carcass composition (% fresh weight) of Labeo roltita 
(ingerlings after feeding for 77 days 
Diet Conrrol Unsoakcd Leucaena Soaked Leucaena ±SE* 
Tesl protcin (%} 0 25 50 60 25 50 60 
Initial wcighl Cgl 3.52a J.51a 3 .46a 3.42a 3.61a 3.48a 3.42a 0 .02 
Final weight (g) 9. 13b 7.4 le 6. IOf 5.78g 10.66a 8.78c 7.88d 0. 10 
Weight gam l°tl 158.9b 1 t0.7d 76. le 68.Se 195.6a I Sl.9b 130.Sc 2.90 
SGR (%) 1.24b 0 .97d 0 .74e 0.68e 1.41 a l .20b J .09c 0.02 
SGR as % of control 100.0 78.2 59 .7 54 .8 11 3. 7 96.8 87 .9 
FCR 2. 17d 2.74c 3.77b 4.40a l .87d 2.09d 2.49c o. 10 
PER l.34b J .09d 0.8 1e 0 .76 f l.64a I .36b l.22c 0 .02 
ANPU C%) 20.88b 17.75c 14.86J 9.48d 24.33a 20.89b J 7.42c 0.32 
APO (%) 80.83 72.38 55 . 19 42.00 74.32 69. 17 47 .30 
Cost or diet (kg) 
weight gain (Taka) 44.47a 45 . I Sa 46.94a 44 .SOn 32.29c 29.56c 35.64h 1.02 
C';irca~s Composition 
lni ti:l l 
Mo1 ~ture 78. 26 75 .4 1 75 .90 75.56 77. 13 73. 82 74.48 7 5.17 
Crude protein 12.93 14.59 14.87 15.27 I 2 .73 14 .21 14.39 13.69 
Ether extracl 5.5 1 6 .66 5.90 4 .87 6.34 9.35 7. 16 7.59 
Ash .~ . 23 3 . 11 3.22 3. 18 2. 77 2.85 3. 12 3 .09 
Row means followed by a common letler are not significantly different <p>0.05): "Standard error of treatment mean, 
calculated from re:.idual mean square in the analysis of variance. 
Mimosine. a non-protein ammo acid, compnses about 3- 5% of the dry weight of the protein 
of the lcucaenu leaf (NAS L977). Detoxification of mimosine is possible by soaking the Jeaves in 
freshwater and then drying or steeping for one week with FeS04 or storing at 70°C in the. presence 
of moisture (NAS 1977; Pascual and Pefiaflorida 1979; Liener 1980; Gohl 198 1; Wee and Wang 
1987). Pa. cu al and Peiiaflorida ( 1979) reported that more than 96% of mjmosine was eliminated 
from leucaena leaves after 48 hrs of soaking. Wee and Wang ( 1987) detected no mimosine in the 
leaf afte r 48 hrs of soaking in freshwater whereas sundried leaf meaJ was found to contain 3% 
mimosine. 
In the present s tudy, mimosine content of 0.40% (dry matter basis) was detected in leucaena 
meal after soaking for 48 hrs, whereas unsoaked leaf meal contained 2.40% mimosine. During 
soaking, mimosine is presumed to be degraded to a relatively less toxic form, 3, 4-dihydroxy 
pyridine (DHP) by enzymes present in the leaves (Tangendjaja et al. 1984; Wee and Wang 1987). 
There fore, conversion of mimosine to DHP might be lhe reason for the better performance by the 
fish fed soaked leucaena meal. Although DHP has been reported to act as a goitrogenic agent in 
ruminant · (Hegarty et al. 1976), there is no such report for fish. Jn our previous study with carp 
fry (Hasan et al. 1990) bette r performance was observed in the soaked leucaena group than in the 
un oaked one, but it was significantly lower than that of the control. In the present study, leucaena 
was soaked for 48 hrs instead of 24 hrs as in the previous study which might have degraded the 
mimosine co a greater extent (Pascual and Peflaflorida 1979) re. ulting in better growth. 
The poor performance of carp fingerlings fed unsoaked Jeucaena was al o substantiated by 
hj stopathological changes in the liver. The congestion of the blood vessels may be due to 
disturbance in the heart and/or due to local cau es. The vascular and fatty changes in the liver might 
be due to di sturbances in metabolism of fat. These disturbances occur mainly in toxemic and 
anoxic conditions. Although the goitrogenic effect of rnimosine in ruminants seems to be well 
established, the precise mechanism of toxicity in fish and other animals remains obscure (Liener 
1980). However, a s tudy of Vogt et al. (1986) reported significant changes in the hi stology of 
shri mp, Penaeus monodon fed a diet containing unsoaked leucaena leaf meal. The authors recorded 
that many R-cells of midgut glands become heavily damaged after 20 and 28 days of feeding and 
postulated that m.imosine is probably responsible for these pathological changes. 
In the present study, diet containing 25% soaked leucaena showed better performance than the 
control diet. The reason is not clearly understood. Although the best quality fish meal available was 
used in the experiment, quality control of fi sh production may not have been properly maintained. 
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It is also possible that the high lipid content (20.92% dry matter basis) of fish meal had undergone 
a certain degree of oxidation resulting in a poor growth response for the control diet. 
Apart from excellent growth and feed utilization, liver histology also did not reveal any 
abnorrnalitjes for fish fed 25% soaked leucaena diet. In terms of the cost of feed to produce a kg of 
fish, both 25% and 50% soaked leucaena inclusions were found to be the cheapest. But 
considering the abnormalities in the liver, 50% inclusion of soaked leucaena may not be 
recommended. Therefore, with tbe present information, 48-hr soaked leucaena leaf meal may be 
used as dietary protein source for this fish species up to a maximum inclusion of 25% of total 
protein. Our study indicates that 48-hr soaking eliminates about 83% mimosine from the leaves. 
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Abstract 
To assess the <l1gc$t1bility and digestible energy of protein carbohydrate and lipid in grass carp, 
Ctimuplwr_rngodon idell11s, lwo different experimental feeds were used; (I) potato starch 40%. casein 
37%. and fish liver oil 2%: (2) alpha-starch 40%. and the other ingredients as m ( I ). Six replications were 
performed for each kind of feed. Each tank accommodated I 0 fi sh. with an average weight of 131 ± 7 g. 
The average water rcmperature was 23. 1 ± 0.6, dissolved oxygen was 5-6 mg/L. The experiment lasted 
four weeks. The results indicated that energy digestibi lity and digestible energy of casein, potato starch. 
alpha-starch and lish liver oil in grass carp were 96.62%. 90.34%. 96.22% and 86.68%. and 5.42 kcal/g. 
J .68 kc;,il/g, J.116 kcH l/g, 8.56% kcal/g respective ly. 
Introduction 
Fi h utilize dietary proteins, Jipids and carbohydrates as energy source , but the utilization of 
these nutrient differ remarkably from species to species. To facilitate further research on the 
LHilization of dietary energy in grass carp, this s1udy was conducted to determine the digestibility 
and digestible energy of casein, fish liver oil, potato starch and alpha-starch in grass carp. 
Materials and Methods 
Grass carp used for these experiments were taken from our own fish farm. The fish were 
acclimated to the experimentaJ conditions for a week. 
Two kinds of test diets were used: ( 1) alpha- tarch 40%, casein 37%, and fish liver oil 2%; 
(2) potato starch 40%, and the other ingredient a in ( l ). The feed sources were: casein (C.P.); 
potato starch and CMC (B.R.); alpha-starch and cellulose (edible); and fi sh liver o il used for 
husbandry. These materials were mixed according to Table I and were stored in a refrigerator. Soft 
pellet feed was used in the experiment. 
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Table I. Composition (percentage) of test diet 




Fish liver oil 
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Vitamin mix * 
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Vitamin mixture in rng/100 g diet; Vitamin A, 3700 l.U.; vitamin D3 , 370 I.U.; vi tamin E. 29.6 mg; vitamin 8 I, 
7.4 mg; vi tamin 82, 18.5 mg; vitamin B6. 7.4 mg; Vitamin B 12. 0.06 mg; calcium 0-pantothenate. 37 mg; 
nicotinic acid. 74 mg; folk acid, 3.7 mg; menadione sodium bisulfite, 7.4 mg; biotin. 0.37 mg; choline, 740 mg: 
vitamin C, 74 mg, Inositol. 74 mg. .... Mineral mixture: prepared according to Huang's method (Yaotong and Yongjian 1989) . 
Six replications were performed for each diet. Tanks of IOO x 50 x 50 cm accommodated 10 
fish. The body weight of the fish was 131 ± 7 g. DechJorinized tap water was used and each tank 
had its own filter system. The water temperature was maintained at 23. l ± 0.6°C. The dissolved 
oxygen in the water ranged from 5 to 6 mg/L. The pH value was tested once a week, ranging from 
7-0 to 7.5 tlU'oughout the experimental period. The experiment lasted four weeks. 
Fish were fed at 1000 and 1500 hrs every day. The daily feed amounted to 3% of the total 
body weight of the fish. The tanks were cleaned one hour after feeding. Faeces were collected with 
a siphon, and those with complete foreskin were dried at 60°C and then kept in a refrigerator. 
Gross energy of the feed and faeces was determined with a calormeter, TR-2800. The 
Kjeldahl method was used for protein detennination: the Soxhlet method for lipid; high temperature 
res istance furnace method (550°C) for ash (Ding and Yongqing 1987); and the Somogyi method 
for carbohydrate. The starch content was calculated by using the conversion factor of 0.93 (Dept of 
Biology 1984)_ The indirect method of resistant ash was used as the indigenous marker for the 
determination of digestibility (Cho et al. 1985)_ 
The digestibility of each nutrient and the digestible energy of the diet were calculated as 
follows: 
_ . _ _ _ % indigenous marker in food % nutrient in faeces 
Percent Nutrient Digestibiltty = 100 - IOO X % indigenous marker in faeces x % nutrient in food 
Digestibl e energy (caJ/g) =energy digestibility of nutrient x gross energy of nutrient (caVg) 
Results and Discussion 
Digestibility of protein, carbohydrate and lipid 
The results of this experjment indicated that the digestibility of casein, fish liver oi l, alpha-
starch and potato starch was 93.68%-97.72%, 87.36-91.94%, 96.72-97. 12% and 91.49-
95.28% respectively. No significant difference was found in the digestibility of casein between the 
two experimental groups. A similar result was obtained for fish liver oil. The digestibility of alpha-
starch was higher than of potato starch (Table 2). 
Compared with the results obtained for other fish (Ogino 1980) grass carp showed no 
significant difference in the digestibility of casein and fish liver oil (Table 3); however, digestibili ty 
of alpha-starch was higher. One reason could be that the digestibility of alpha-starch depends on 
the fish used and the experimental conditions. 
















Table 3. Digestib11it) in d1ffercn1 foh ("'< J 
casein 
Gra~s carp 93 -97 
Common c:irp 99 
Rainbow trout 96- 97 
Yelluwlail 98-99 
RcJ sea bream 96-99 
Digestibility of energy 
lish II ver oi I 
90.46 (0.9) 
89.49 <0.6) 
87.36 ( 1.3) 


































The energy digestibility of ca ein, fi h li ver oil, aJpha-sLarch and poluto slarch were 93.60-
97.20, 84.98-87 .27, 95.91 - 96.84 and 88.45-9 1.72% re pectively (Table 4 ). These results 
showed no significant difference between the digestibility of corresponding nutrients (Table 2) and 
their energy. This seems to indicate that the lower the digestibility o f nutrients, the greate r the 
difference between the digestibility of co1Tesponding nutrients and their energy. 
Digestible energy 
The digestible energy of casein, fish liver oil, alpha-starch and pocato starch based on energy 
diges tibility were 5306-55 I 0 cal/g, 8510-8622 cal/g, 3680-3885 ca l/g and 3553-3684 caJ/g 
respectively (Table 5). 
Tahlc 4. Digestibility of energy ('7r) 
casein fish liver oil a l pha-~tarch potato starch 
l'it week 93.60 (2. 1) 86.32 (2.6) 96.84 ( 1.2) 88.45 (6. 1) 
2nd wed. 96.50 C0.61 8Cl. l3 12 7) 96.17 (2.7) 89.81 (5.2) 
3rd \vcek 97.20 (0 I) 86.98 <3 ·') 95.97 (2.7) 91.40 (6.4) 
41h week 95.19 (0.7) 87.27 (·.I.I ) 95.9 1 (1.6) 91.72 (4.8) 
average value 95.6:? 86.86 96 .22 90.34 
SD (o/,,) 1.58 0.5 4 0.43 1.50 
CV(%) 1.66 U.62 0.44 1.68 
Tahlc 5. Digestible energy (cal/g) 
casein fish liver oil alpha-starch potato starch 
IM \\eek 5306 8521! 3885 3553 
2nd week 5470 8510 3858 3608 
~rd wed.; 5510 8594 3850 3672 
4th week 5396 8622 3848 3684 
A vcragc value 5420 8564 3860 3629 
SOC%) 89 .76 SJ I 5 17.06 60.RO 
CV<%) 1.66 U.62 0.44 I .68 
Conclusion 
Before the start of the experiment, grass carp were acclimated in the tanks and fed with test 
d iet for a week. Faeces were collected throughout the experiment, and digestible energy was 
determined. The values showed no significant difference from the beginning to the end of the 
experiment (p>0.05). This seems to lead to the conclusion thaL the faece sample collected in the 
firsl week can be used for the determination of digestibility of protein, carbohydrate, lipid and 
energy in gras carp. 
Referenc~s 
Cho, C.Y ., C.B. Cowcy :rnd T . Watanabe. 1985. Fi11fl.sll N111ri1io11 in Asia, pp. 96-102. 
Department of Biology. Beijing University. 1984. 8ioclu•mistry labomtory Mn1111nl, High Education Publishing House. 
pp. 36-40. 
Htwng Yaotong and Yongjian Liu, 1989. Studies on the Mineral Requirement in Ju veni le Grass Carp, Acra HydrtJbiologica 
Sinita. 13(2): 134-151. 
Lin Ding anu Yl)ngqing M:io. 1987. tv111ririo11 and Feed of F1.11r. Zhongsh:in University Publi shing House. pp. 152-157 
Ogino. C. 1980. Firh N111ri1io11 and Fet!d, pp. 37-60. 
Digestibility of Dry Matter and Protein from Spirulina platensis 
by Common Carp, Cyprinus carpio, with a Note on Time of 






College vf Fisheries 
University of Agricultural Sciences 
Mang<ilore-575 002 
/11dir1 
UM ESH, N.R., K. DATHATHRI, M .C. NANDEESHA. B. GANGADHA R and T.J. VARGHESE. 1994. 
Digestibili ty of dry rnauer and protein from Spirulina plarensis by common carp. Cypri1111s carpin, 
wfth a note on time of faeces collection in digestibili ty estimations. Jn De Si lva. S.S. (ed.} Fish 
Nutrition Rl'scarch in Asit1. Proceedings of rlw Fijih Asian Fish N11trition Workshop. Asian Fish . 
Soc. Spec. Publ'. 9. Mnnilu. Philippines. Asian Fisheries Society, pp. 81-84. 
Abstract 
Digestibility evaluations of the single cell protein, !:>i>irulina µLarn1si.1 were carried out iu common 
carp. Cypmw.1· ctirpio at different levels of incorporation ranging between I 0 and 90%. Berween the test 
diets. a step-wise incrcast! or 10% inclusion of Spirulina was :lclopted. Digestibi lity of protein was found 
to be maximum al 50% i ncorporation. Decline in protein digestibility was observed beyond this level up 
to 70% incorporation, but thereafter an increasing trend w;\s noticed. However, in terms of dry mnuer 
digestibility. there was almost an increasing trend with increasing levels of Spirulina. Addi tional studies 
conducted to elucidate the difference in the dige~li b1 1 ily based On the time of faeces collection. ic hetween 
day and night time. showed no significant difference in digestibi lity values. The resu lts suggest that 
unlike 0thcr plant proreins. Spir111i11u protein is well uti lized by common carp even at higher levels of 
incorporation and this phenomenon could be taken ;idvantagc of in the development of diets. 
Introduction 
Digestibility of individuaJ ingredients in the compounded die t is considered as one of the 
i rnportant factors affecting the growth of fish (Cho et al. 1985; De Silva et al. 1990). Hence, it has 
been recommended to evaluate the digestibility of each ingredient before its incorporation in the 
diet. The single cell protein. Spirulina has been recognised as one of the potential ingredients for 
use in aquacuJture and successful attempts have been made in the mass culture of this algae 
(Venkataraman and Becker 1986). The present study was undertaken to evaluate the digestibility of 
Spirulina platensis at different levels of incorporation in common carp, Cyprim.1.s carpio. Additional 
tudies were also conducted co determine the effec t of time of faeces collection on digestibili ty 
estimates. 
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Materials and Methods 
Digestibility evaluation 
Standard fish meal diet with a protein content of about 28% was used as the reference diet 
(Table I). Test diets were formulated by replacing the same• percentage of all the ingredients at 
which the test ingredient was incorporated. Altogether nine test diets were developed with test 
ingredient levels varying between 10 and 90% (Table 2). A step-wise increase of 10% of the test 
ingredient was adopted between the diets. 
Digestibility studies were conducted in glass aquaria of 72 x 35 x 30 cm with static water 
systems. Each aquaria was stocked with 15 fish with a mean weight of 10.9 g (± 3.8 1 g) and all 
the aquaria were provided with aeration. For each treatment duplicate tanks were used and water 
was changed every day. Fish were fed at 3% body weight. For feeding and faecal matter 
collection, the method described by De Silva et al. ( l990) was adopted. Since crude fibre has been 
found to give better results, it was chosen as the marker in place of chromic oxide (Tacon and 
Rodrigues 1984); De Silva et al. 1990). Faecal matter collected over a period of two weeks was 
pooled and analyzed. For determination of variations in the digestibility between day and night, 
only test diets incorporated with Spirulina up to 50% were used. 
Tallie I . The ingretlient composition of the reference diet lRD> and the proximate composition of the individual 
ingredients (hy % dry weight) 
Co mposition 
Ingredient RD DM Protein Total lipid Fibre NFE 
(%) (%! (%) (%) 
Fish meal 25 9 J.40 64.00 7.04 0.3 3.40 
Groundnut oil cake 24 92.00 38.50 6.67 8 .2 27 .63 
Rice bran 40 9 1 .JO 10.63 l.40 3 1.9 29 .87 
Tapioca nour 10 9 1.51 5.38 2. 20 1.0 81 . 13 
Vitamin and mineral mix I 
Tnhlc 2. The proximate composition of the experimental diets (hy % dry wt:SP Spirulina). The proximate composition of 
Lhe Spirulino by dry matter was 50.5% protein, 1% lipid, 2.1% crude fibre, 26.7 NFE and 1 l.0% ash 
Diet Protein Total lipid Fibre NFE Ash 
(%) (%2 (%) (%) (%) 
Reference diet (RO) 93 .05 28.26 4. I 5 12.72 26.71 21.21 
RD+ 10% SP(DJ) 94 .19 29 .63 3.81 12.83 27.70 20 .22 
RD+ 20% SP (0 2) 93 . 16 32.62 3.64 12.22 25 .64 19.04 
RD+ 30% SP (0 3) 93. 83 34.52 3. 50 9.92 29.26 16.63 
RD + 40% SP (04) 92 .68 37 .74 3.40 9. 13 26.97 15.44 
RD+ 50% SP (05) 93 .19 39 .7 1 J.00 7 .08 29. 19 14.21 
RD+ 60% SP (06) 91.36 45.22 2.53 4 .51 25 .92 13. 18 
RD+ 70% SP (07) 93 . 10 48.78 2. I 5 4 .72 23.30 14. 15 
RD + 80% SP (Og) 91.14 49.62 2.05 3.21 23.38 12.88 
RD+ 90% SP (09) 90.90 51.43 1.89 2.63 22.29 12.66 
A nalytical m ethods 
Crude protein, crude fat and crude fibre were estimated using Kjeltech, Soxtech and Fibretech 
(Tecator, Sweden). Ash was determined by burning the sample at 550°C in a muffle furnace. 
Moisture was estimated by drying the sample at 80°C for more than lwelve hours. Apparent 
digestibility values were calculated employing the formula described by Cho et al. (1985). 








Results and Discussion 
The proximate com posit] on of the ingredients used in the reference diet is presented in Table 
l. Fish meal was of good quality with a high protein content of 64%. Rice bran had a higher fibre 
content of 31.9%. The protein content of Spirulina used in the present study (Table 2) was lower 
than the level reported for the same species (Yenkataraman and Becker 1986). The proximate 
composition of the test di ets was largely in fluenced by the level of Spirulina incorporat ion. 
particularly in respect of protein and fibre. While there was an increasing protein percentage with 
increasing Spiruli12a, the fib re content declined. 
Dry matter digestibility of the reference diet remained significantly lower as compared to the 
test dieti;. However, with the test diets, there was a rirogressive increase in the digestibility with 
increasing levels of Spiruli11a. It is not clear whether lhe dry matter digestibility was influenced by 
the level of fibre in the diet. Cn respect of protein too, the digestibility was found to increase with 
increasing levels of Spirulina. excepting for a smaJI decline at 60 and 70% inclusion (Table 3). 
Fibre is known to influence the digestibility of ingredients (NRS-NAS, 1977; De Silva et al. 
1990). In the case of carps, the upper limit of fibre in the diet is not established, although it is 
generally recommended to keep less than 8%. In respect of individual ingredient digestibility, 
while there was an increasing trend in the digestibility of dry matter. the protein digestibility was 
maximum at 50% inclusion. This possibly indicates that it would be appropriate to incorporate this 
ingredient at or around this range for better digestibility. 
THhlc 3 Total dry mal(er (%)and protein digestibi liry (171>) of rile reference Jicl and test diets and the dry mi.iner 
antl pro1cin digcstihilily of S11irn/i1111 estimated on faeces voided once a day using crude l'ihre as marker 
in C. ca171io feJ diets containing di lTcrcnl kve ls of Spimli11a. 
Diel DMD digestibility Pro1ei11 digestihi lity Ingredient D.M. lngrcdicnl protein 
digestib ilit y digestibility 
RD 49 .33±0. 86'1 79.92±1.7" 
RD+IO% 51.12±1.2ab 79.50±0.Sa 67.23±12.8 70.72±8.6 
RD+20% 5J.47±Cl.7ab 80.70±0.9ab 70.03±2.7 83.84±3.3 
RD +30o/, 57.74±1.ohc 82.68±1.43 h 77.38±3.5 R9. I 3±2.4 
RD+40% 62. IJ±2.QC 85. 72±3.oabc 82. 11 ±5.9 93. l 6±(l.4 
RD+5Qt7r 70.44±2. 1 d 8$.23±0.sahc 87,39± 1.2 96.55±1.8 
RD+ 60% 72.81 ±J.2de S3.10±1.9bcd 88.46+5.:I 85.2:!±3.4 
RD+ 70% 7f1. 18±2.JC 84 .28±0.6bccl 87.67±3.2 86. 14±0.9 
RD+80% Xl.Ol±2.2c 89.68±1.2d 89 . I 0±2.!I 92.ll±l.5 
RD+90% 83.25+.2.9e 90.15±1.8d 89.02±2.3 9'2,24±1.9 
V:ilucs wi th same or without superscript in each column are not significantly different from each other at 5% level. 
Studies conducted earlier with other plant protein sources such as Gliricidia maculura, 
Colocasia esculenta, Leucaena /eucocephala and Eichlzomia crassipes in an Indian major carp, 
Cathi cat/a indicated declining protein and d1y matter digestibility when they were incorporated 
beyond 15% in the reference diet. De Silva et al. ( 1990) also observed a similar trend in the decline 
of digestibility with leaf meal in Oreochromis aureus. This difference possibly indicates the quality 
of ingredients and nature of protein. De Silva e t al. ( 1990) whi le reviewing the work of Cho et al. 
( J 982), suggested 15-20% inclusion of leaf meal as the most. appropriate test level instead of the 
generally recommended level of 30% by Cho et al. The present study also indicates that adoption 
of any one level may not be appropriate with all ingredients, particularly in respect to ingredients 
which have a good nutrien t profile. Spimlina platensis is known to contain a balanced le ve l of 
amino acids, adequate quantities of vi tamjns and minerals, besides a low level of nucleic acids 
(Becker and Venkataraman 1984). Few of the field trials conducted with Spiru/ina-based die ts in 
Indian major carp::. have given encouraging results (Nandeesha et al. 1993). 
Add itional studies conducted showed no variation in digestibility of both protein and dry 
matter collected during day time and night time in test diets and test ingredients (Table 4). 
Possompes (1973) reported that leaching of nitrogenous compounds stabi lizes after one hour. 
Bacterial action, if any, could not have manifested since both the night and day faeces had 
remained in the water fo r almost ~arne length of time. De Silva et al. (1990) also observed a similar 
non-existence of difference in digestibility during day and night in tilapia. 
D 
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The result clearly indicate the superiorily of Spirulina platensis in terms of digestibility. 
Commercial production of Spirulina has been taken up by a major company in India. Efforts are 
also being made to produce this alga using agricultural wastes. While the cost may hinder its usage 
in commerciaJ diecs of fish with a low market price, its use could be exploited in larval diets. 
Tahle 4. Tolal ury mailer (%) and protein digestibility (%) of the reference and test diets and the dry matter and protein 
digestibility of Spir11/i11a estimated on faeces voided in the day and in the night using crude fibre as marker in C. 
carpio fed diets containing different levels of Spirulina 
Diet Tomi OM dige.~tibility Protein Digestibility Ingredient OM dige.~tibility Ingredient protein digestibility 
Day Night Day Night Day Night Day Night 
49. 19±1.93 47.48±1.0a 80.15±2.oab 81.2l ±0.22ab' 
D + 10% 5 J .63±2.3a 5 1.46±0.83 78.52±3.53 79.39±2.503 63 .64±12.5 87.33±8.3 73.9±14.6 
83 .38±7.2 90.57±2. 1 
90.02±7.8 91. 72±4.9 
68.05±10.60 
D +:!O% 57. 13±0.2b 54.66± 1.4bc 82.63±0.sabc 81.78±1.60ab 88 .91±9.0 
D +30% 61.08±0.3bc 60.24±2.2c 84.23±2.obcd 83.25±0.70ab 88.82±4.2 
D + 40% 63.08± 1.oc.:d 65.89±2.4d 87.23±0.9cd 86.53±0. 1obc 83. 74±2.4 92.25±4.8 87.79±8.0 
D+50% 68.59± 1.71.l 7 1.65±2.7d 89.21±1. ld 88 .95 ±0.60C 88.0±2.3 93 .83±5.4 96.73±2.6 
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Abstract 
Two experirricnts were conducted to determine the effect of three different levels of ~ardine oil in a 
practical dicl conrnining 20% protein on grow1h and tlesh quality of common carp fry (av. wt. OA g) and 
j uveniles (av. wt. 150 g). Fish fed the highest level of oil showed the best growth. yielding an Increase of 
92.5% and 120.9% over the control nnd low lipid diets respecti vely in fry following 126 days of rearing, 
while in juveniles. it was 75. I% and 99.9% respectively a11er 112 days. Plesh quali ty was not affected as a 
result of sanlinc oil incorporation in tile diet. T he resu lts indicate the advant.age of reducing the pro(ein 
content of the diet hy incrc:ising the flpid leve l. 
Introduction 
The prote in sparing effect of l ipjds has been an area of active investigation in the past few 
years, with coldwater fish attracting the most attention (Tabacheck 1986; Dav ies l 989). Since 
nearly 2 000 000 tonnes of sardine is landed annually in India, a sizeable quantity of which goes 
fo r reduction. producing a large quantity of oil as a by-product, it was of interest to s tudy the 
influence of sardine oil on fish growth and flesh quali ty, employing common carp, one of the 
species of carps used in composite fish culture practi ce in India. 
Dietary requirements of fish are known to be size dependent and hence, two size classes, fry 
and juveniles, were used in this study to test the effect of reducing fish meal from the control diet 
and supplementing different levels of sardine oil on growth and flesh quality. 
Materials and Methods 
Diets 
The fish meal based diet with 30% protein (Varghese el al. 1976) was used as the control. 
Four test. diets conta ining 20% protein (T1 ,T2.T3. and T4) were prepared separately and 
supplemented with 0, 5, 10 and 15% sardine oil respectively (Table 1). D iets were prepared by 
mixing the ingredients with water in the ratio 1 :0.8; and the resultant dough was heated in an 
aluminium container at 80°C for 30 minutes. Sardine oil was added after mixing the v itamin 
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mineral mixture with the cooled dough of the test diets before pelleting in a mechanical pelletizer. 
The pellets were dried to a moisture level below 10% and stored in air-tight plastic jars. 
Table I. Ingredient proportion and proximate composition of the d iets(%) 
ln redicnts Diets 
c T1 Ti TJ 
Fish meal (40.1 % C.P.) 25 10 10 (9. 5)* lO (9. 1) 
Groundnut cake (53.4% C. P.) 24 29 29 (27.6) 29 (26.4) 
Rice bran (14.5% C.P.) 40 45 45 (42.9) 45 (40.8) 
Wheat flour ( 13.6'*' C. P.) 10 15 15 ( 14.3) 15 (13.6) 
Vitamin-mineral mix** I J I (1.0) I ( 1.0) 
Sardine oi l 0 0 5 (4.7) 10 {9.2) 
100 100 105 II 0 
Proximate composit ion 
Dry matter 9 1.5±0.l 1*** 91.6±0. 12 92.2±0.09 91.8±0.17 
Crndc protein 29.9±0.54 20.1±0.29 19.0±0.23 18. 1±0.12 
Crude fat 5 .8±0.12 4.9±0.09 8 .9±0. 12 J 4.0±0.09 
Crnde fibre 14.3±0.75 15.9± 1.39 15.1±1.29 14.7±1 .33 
Ash 20.6±0.22 22.4±0.06 21.9±0. 12 19.7±0. 14 
Calorie (kj/g) 11 .9 10.8 l 1.9 13 .3 
** 
Figures in parantheses indicate values based on covariance analysis. 
Supplevite-M (Sarabhai Chemicals, India). 
*** Mean of 3 valut:s ± S.E. 
250 g Supplevite·M provides 
Vitamin A 500 000 IU 












































All the treatments were conducted in triplicate in cement cisterns of 25 m 2 each (5 m x 5 rn x 
l m) without any soil base. The duration of the experiments was 126 days for fry and 112 days 
for j uveniles. Water level in the cisterns was maintained at 65 ± 5 cm throughout the experimental 
period. Stocking was done at the rate of 20 fry (av. wt. 0.4 g) or 6 juveniles (av . wt. 150 g) per 
cistern. Feed was provided at 5% body we ight o nce daily , readjusting the quantity after every 
fortnightly fish sampling. Water quality was monitored on fish sampling days, measuring 
temperature. pH, dissolved oxygen, carbon dioxide, dissolved organic matter, total alkalinity and 
wet weight of plankton (Jhingran et al. 1969). To avoid deterioration in quality , water was partially 
changed at fortnigh tly intervals. 
A short-term experiment of six weeks duration was conducted in the laboratory to study the 
digestibility, conversion efficiency (FCE) and protein efficiency (PER) of the different diets. The 
study was carried out in duplicate in glass aquaria ( 1.25 m X 0.5 rn x 0.5 m) by maintaining lO fry 
or 2 juveniles per aquarium. Water level in the aquaria was kept at 3o±2 cm. Feeding was done at 
5% body weight. Fishes were acclimated to the respective diets prior to the start of the experiment 
and starved for a day . They were exposed to the feeds for only s ix hours a day ; the unconsumed 
feed was remo ved, dried and weighed to determine the amount consumed. Faecal matter was 
collected 24 hours after feecling by s iphoning and filtering through No. 30 bolting silk cloth and 
then dried to determine the dry matter. Dry matter digestibility (feed assimilation) was estimated 
based on the difference in content in feed and faecal matter. FCE was calculated as follows. 
FCE (%) = Wet w~ight gain (g) X 100 Dry weight of feed (g) 
Protein e fficiency ratio was calculated as per Osborne et al,. ( 1919). 
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Fish Growth 
Fish were sampled at fortnightly intervals to assess their growth. On termination of the 
experiment, the cisterns were completely drained, aJI surviving fish collected and their jndividua1 
weights recorded. Specific growth rate was calculated as: 
where W2 =weight at time T2andW1 =weight at time Tt 
Growth data were analyzed using two-way analysis of variance (Snedccor and Cochran 1968) 
and the multiple range test (Duncan 1955). 
Body indices 
Body indices, viz. hcpatosomatic index (HSI) and gonadosomalic index (GSI), were 
computed using I 0 harvested ti sh from each treatment by the formulae 
HSI _ Weight of liver (g) 100 - Weight of fish (g) x 
GSl _Weight of gonad (g) IOO 
' - We igh t of fish (g) x 
Proximate compositio11 of diets and fish flesh 
Feed ingredients, formulated diets and fish flesh samples were analyzed following AOAC 
( 1975) methods for moisture, crude protein, crude fat and ash. Crude fibre wa determined by the 
method of Pearson ( 1976). while nitrogen free extract (NFE) was calculated by the difference 
method of Hastings ( 1976). Energy levels were calculated by employing rhe respective energy 
factors for protein. fal and carbohydrale (Haslings 1975; Smith 1976). 
Orgalloleptic evaluation 
Five uniform-sized fish were selected from each Lreatment for organolcptic evaluation by a 
Laste panel consisting of I 0 trained panelists. The fi h were judged for overall quality both in raw 
and cooked condition. Cooked meat was prepared by boi ling raw flesh in 1.5% sail solution. The 
individual attributes included for raw fi h were colour and glossiness of skin, colour of flesh, 
odour and texture of ncsh, whi le for cooked meat the attributes were colour, odour. texture and 
flavour. The grades assigned by the panelists for various attributes were convened into numerical 
~cores and analyzed statistically applying ANOV A to find the difference in overal l quali ty (Udupa 
and Jayaram 1979). 
Results 
Water quality monilored was conducive for fi h growth. The ranges of parameters in fry and 
juvenile experiments were: Lemperature 25.5° to 32°C/27.5° to 32°C, pH 8.0 to 9.2/7.7 to 9.0, 
dissolved oxygen 6.8 to 11.2 ppm/4.8 to 11.2 ppm. free carbon dioxide nil to 3.0 ppm/nil to 3.0 
ppm. dis ·olved organic matter 1.8 to 16.4 ppm/ 1.4 to 11.0 ppm, toral aJkaliniLy 30 to 84 ppm/36 
to 80 ppm and planklon wel weight 12.0 to 182 mg per 100 L water/7.3 to 193 mg per 100 L 
water. 
The best growth of fry as well as juveniles was obtained with diet T4, fo llowed by T3, T2, C 
and TJ (Tables 2 and 3). The net weight gain recorded in T4, T3 and T2 treatments was 92.5%, 
64.4% and 60.1 % higher than C in fry after 126 days of rearing and 75.1 %, 69.8% and 44. l % 
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respectively in the case of juveniles following 112 days of feeding. Compared to the control, a 
reduction of 12.9% and 12.4% in growth was recorded with diet T 1 in fry and juveniles. Influence 
of sardine oil on growth was clearly discernible from the 70th day in fry and from the 28th day in 
juveniles. 
Specific growth rate (SOR) showed the same trend as growth. Average SOR and FCE was 
lower among juveniles compared to fry. Fish survival ranged from 75 to 85% in fry , while it was 
100% in control as well as treated juveniles. Sardine oil administration resulted in h igher HSI and 
OSI values. Treated fish record'ed higher feed assimilation, FCE and PER. In both fry and 
juveniles muscle fat was influenced by dietary fat. Statistical analysis of the panel scores on raw 
and cooked flesh showed no significant difference in flesh qualily of fish (raw F = 0.472/0.040, 
cooked F;::: 0.416/0.444 for fry/juveniles; p<0.05) fro111 different treatments. 
Table 2. Effect of feeding different levels of sardine oil on growth, survival, body indices and flesh composition of 
common carp fry 
Parameter Diets 
c Ti T1 T3 T4 
Average ini tial weight (g) 0.40±0.043 * 0.40±0.063 0.40±0.03 3 0.40±o.04a 0.40±0.063 
Average final weight (g) 45 . 79±0.89a 39.95±0.67 3 73.02±0.48b 75.03±0.96° 87.75±1.ISb 
Average <lai ly increment (g) 0.36±0.0073 0.31 ±0.0053 0.58±0.004h 0.59±0.007b 0.69±0.09b 
Average specific growth rafe ('?c ) 3.76±0.073 3.65±0.063 4.13±0.03h 4. t5±0 .05b 4.28±0.06b 
Peed assimilation (%) 75.88±1.263 75.80±0.843 80.65± 1.42b 80.74±0.78b 80.75±0.63b 
Food conversion efficiency (%) 39.83±0.58b 25.14±0 .. 373 40.43±0.83h 4 I .28±0.46b 42. 86±0.69b 
Protein efliciency ratio 1.33 1.25 2. 12 2 .29 2.40 
Survival(%) 75 .00± l .32a 75.00±2.67a 80.00±3.893 85.00±5. 783 80.00±3.33a 
Body indices 
Hepatosomatic index 1.26±0.093 1.24±0. 123 1.36±0.063 1.42±0. 18 3 l.52±0.188 
Gonado~oma1ic index 6.0l±I .303 b 5.02±1.053 8.43±1.78b 5.42±0.923 6.36±2.67ab 
Flesh composition 
Moisture 79. I0±0.05b 80.12±0.08b 78.08±0.06b 76.87±0.13a 76. J±o.osa 
Protein 17.46±0.0:lb 16.41±0.053 1 8.02±0.osb I 7.80±0.12b 17.l2±0.04h 
Fat 0.99±0.06i:l 0.75±0.03a I .46±0.05b 2.75±0.03C 3.97±0.04d 
Ash J .39±0.033 1.8 l±0.02 b 1.53±0.033 l .69±0.033 1.71±0.0Jab 
Calorie {kj/gJ 3.57 3 .26 3.82 4 .28 4.67 
Diets T1, T2• T3 and T4 had 0. 5, 10 and 15% sardine oil supplementation. 
* Mean±S.E. Values wi th different superscripts in the same row differ significantly (p<0.01 ). 
Discussion 
The re ·ults clearly show that sardine oil exerts a positive influence on the growth of common 
carp fry and juveniles. There was a slight reduction in the protein content of the test diets due to oil 
incorporation (Table 1), despite which they induced significantly higher growth which could be 
attributed to the protein spa.ring effect of sardine oil. A clear difference in growth occurred after 70 
days in the case of fry and 28 days with juveniles. This shows size-related difference in the 
utilization of oil from the test diets. However, on termination of the experiment, it was seen that 
sardine oil had a better effect on fry in terms of specific growth rate, food conversion efficiency 
and protein efficiency ratio. While survival was 100% with juveniles, oil treatment appears to have 
marginally improved survival of fry (Tables 2 and 3). 
Higher amount of lipid in fish diets has improved growth only in some cases. Some of the 
positive reports are those of Shimma et al. (1980) in ayu, Gatlin and Stickney (1982) in channel 
catfish , Degani (1986) in glass eel, Tabacheck ( 1986) in Arctic charr, Stickney and Wurts ( 1986) 
in blue tilapia, Beamish and Medland (1986) and Kim et al. (1988) in rainbow trout, Williams and 
Robinson ( 1988) in red drum and De Silva et al. ( 1991) in red tilapia. Studies of Ogata and Konno 
( 1986) and Takeuchi et al. (I 991) indicate protein sparing effect of lipid only when administered 
through high protein diets which is in contrast to the present findings, while others have shown 
growth depression due to lipid supplementation of diets (Caceres-Martinez et al. 1984; M urai et al. 
1985). 
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Table J. Effect of focding different levels of sardine oil on growth, survival. body indices and flesh composition of common 
carp juveniles 
Parameter Diets 
c T 1 T1 T3 T4 
Average initial weight (g) I 50.00±2.42a* J50.00±1.88a 150.00±2. 74a 1:10.00± 1.36a 150.00±0.983 
Average fina l .weight (g) 274 .67±3. J 5a 259.17±4.11a 329.67±5. 1 Sh 36 I. l 7±2 .94b .'.l 68.33 ±6.26b 
Average daily increment (g) 1. 11±0.0 J<l 0.98±0.02a 1.60±0.03° I .89±0.02b l .95±0.03b 
Average specific growth rate(%) 0.54.l:0,006'1 0 .50±0.008(1 o .70±0.01h o. 78±0.00ob 0.80±0.01 h 
Feed :issimilaLion (%) 79.82±1.343 80.75± 1.428 XI .()()±0.88u 81.43± l.76a 8 l .5 1 ±1.4411 
Food conversion effiticncy (%) 16. L9±1U5a I I .44±0. 27a 17.55±0. 1 gb I 9.26±0.49c 19.90±0.13c 
Prcitcin cflkicncy ratio 0 .54 0.57 0 . 92 1.07 l.11 
Surviva l (%) 100 IOU IOU 100 100 
Body indices 
Hepnwsomatic index I .44±0.06i1 1.32±0.06;) l .60±0.03ab 1.79±0.03h 1 .86±0.osb 
Gonatlosomatic fndcx X.44±0.83a 8.o3±1.76a I S. 15±0.$7h 14.06±1.99b 14. I 8±0.46b 
Fle!>h compns ition 
Moistur1• 76.08±0.06;1b 77 .27±0. I 2h 75 .82±0.04ab 74.92±0.063 73 .43±0.16'1 
Protein 111. I 3±0.n4a 17.77±0.093 18.4 1 ±0. I 23 18.6 7±0.07a 18.47±0.183 
f-. al I .R0±0.063 I .45±0.06a 1.97±0.osa 3 .04±0.tl3b 5.07±0.061;'. 
Ash I. 7ll±0.038 b l.9 1±0.02b l.74±0.05a 1.71 ±0.02'1 I .66±0.03:1 
Caloric (kj/g) 4.20 3.89 4.29 4 .6 7 5.38 
Diets T 1, T2• T1 and T4 had O. S. I 0 and 15% sardine oil supplementation. 
* Mcan±S.E. Values with different ~uperscript s in the same row differ significantly (p<0.01 ). 
Bette r growth of fish rece iving sardine oil incorporated diets appears to be due to imp roved 
food conversion and protein effic iency (Tables 2 and 3). The o ptimum leve l of lipid 
supplementation varies with the spec ies. Viola et al. ( 198 1) recorded higher carp yie ld and energy 
retention under intensive culture, employing 5% oil-coated pellets. Daozun et al. (1987) observed 
6.5% oil to be optimum in Mylopharyngodon piceus. while Berger and Halver ( 1987) found 
maximum growth of st1iped bass (Marone saxatilis) fingerlings with a diet containing 17% lipid . 
De Silva et al. (199 1) reported a protein sparing effect o f up to l 8% lipid level in red Li lapia, 
independent of dietary prote in content. In the present study, protein sparing could be noticed at all 
levels o f supplementation. Since the treated fi sh d id not d iffer between themselves. the lowest level 
could be considered more economical. 
Dietary fa t had proportionate influence on muscle fa t, but did not affect the p rotein content; 
diet T 4 induced the highest fat accumulation in both fry and juveniles. 
Murni et al. ( 1985), Degani ( 1986), Williams and Robinson ( l 988), Ellis and Re igh ( 199 l) 
and Hanley ( 1991) reported an impac t of dietary lipid o n carca s fa t level, while Be rge and 
Storebuk.k:en ( 1991) found no such effect. H igher HSI and GSI val ues obtai ned wi th the treated 
fish could be related to the influence of sardi ne o il. Daniels and Robinson (1986) noticed a positive 
correlation between HST and dietary lipid and ca rbohydrate in j uvenile red drum, while Shimmino 
et al. ( 1980) noticed an increase in HSI with increasing dietary lipid and decreas ing d ietary prote in 
at constant digestible carbohydrate level in young yellowtail. The influence of sardine oi l on GSI 
was more pronounced in juvenilei,, This is attributable to their age as on harvesting some of them 
were found to be mature. 
T he source and level o f lipid used in the diet could alter the quality of fish flesh. Dupree et al. 
( 1979) discovered that channel catfish fed menhaden oil had a lower flavour rating than those 
administered com oil. However. Hardy et al. (1987) did not observe any influence of herring oil , 
men haden oil. ·oybean o il o r tallow o n the organoleptic p roperties o f Atlantic salmon. Even the 
highest level of . ardine oi l tested in the present study d id not affect organo leptic quality e ither in 
raw or cooked condi ti on. This coupled with its p rotein sparing effect shoul d make sardine oil the 
natural choice as a lipid source in carp d iets. 
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Abstract 
Culwre of 6-12 month old ·stunted' Indian major carps has become one or the most popul;,ir 
techniques to increase yield in some parts of India, particularly in /\ndhra Pradesh, owing to their rapid 
growth Ju ring the second year of life. In order to understand tbe protein rtquiremcnts l>f such Ash in !he 
absence and presence or natural food prodm:cd through ferti lizat io11. this study was undertaken wi th 12-
month old 'stunted' rohu of :ihout 20g. In the ah~cm:e of natural food. there was a progressive increase in 
growth with an increasing level of protein derived from fi sh meal, s1·a11ing from 5% up to a maximum of 
30%; the weight ::itt:iincd by fish fed Jiets containing 25 and 30% protein did not differ ~tatistically. 
RN/\/DNA r:nio wa~ found lo he at maximum at 25% protein. All hough the weight attained was lower at 
20% protein, acti vity of en1.yme groups protea~c. amylase and lipasl' and glycogen level ~ in muscle anll 
liver were fou ni.l to be maximum with thi s group. Basctl on growth anti hinchemical analysis, it cou ld be 
concluded that 25% protein 11nd 37% carbohydrate is nptimum in the <Jlet for ·stunted' r()hu in the absence 
of natural f'oud. 
Trials contlucted in eaiihern ponds wil h stunted rohu employing three different levels of protein ( 15. 
20 and 25%) and two different rntcs of poullry manure application< 10 and 20 tons/ha/yr) yielded different 
patterns of growth owing to Lhe varied quantity of n:Hurnl food. While growlh incrc~1 seu with increasing 
level~ of protein at IO tons/ha/yr, it declined beyond 15% protein in ponds recci ving manure at '20 
tons/ha/yr. The results clearly suggest the need t<> consider the contribution of natural food in the 
nulrition of carp. 
Introduction 
In Andhra Pradesh, a southern Indian s tate, major carps. namely, catl a (Cat/a cat/a), rohu 
(Labeo rohita) and rnrigal ( Cirrhinus mrigala) arc cultured commerciaJiy in more than 50 000 ha 
area. On average, about 5 350 kg/ha/yr y ield is obtained with a maximum recorded yield of 14 620 
kg/ha/yr (Veerina et al. 1992). The yield o btained in this area is much h ighe r than the natio nal 
average production of l 660 kg/ha/yr (Srivastava et al. 1991 ). The previous record yield in India 
was only 10 700 kg/ha/yr (S inha et al. 1991 ), a six-species cu lture of Indian and exotic carps. 
Farmers in Andhra Pradesh have excluded exotic carps from the system in view of the poor 
economic returns as compared to that from Indian major carps. Even among Indian major carps, 
about 75% of farmers culture only catla and rohu at 2:8 ratio owing to the excellent market demand 
for rohu. Almost all farmers use 6-12 month old 'stunted' seed of major carps as they grow faster 
dudog their second year. 
The present study was undertaken to determine the effect of different dietary protein levels on 
the growth of 'stunted' rohu yearlings either in the absence or presence of natural food produced 
by pond fertilizat ion. 
Materia ls and Methods 
Induced-bred fingerlings of rohu were reared under high density in unfertilized earthen ponds 
over a period of 12 months, with very little artificial diet provided to obtain 'stunted ' rohu. 
Two experiments were conducted using these fish. In the first study , five test diets were 
formulated to contain 5, I 0, 20, 25 and 30% protein and corresponding carbohydrate levels of 64, 
57, 47, 37 and 31 %. Fish meal and tapioca were used as the major sources of protein and 
carhohydratc (Table I). Fat and energy levels were kept constant in all the diets by cod liver oil 
.s upplementation. The growth trial was conducted over a period of 90 days by stocking 20 
'"lUnted' seed in 25 m 2 cement cisterns without fertilizat ion. Each treatment was duplicated. Fish 
were fed daily al 5% body weight with one of test diets and the feed quantity was altered based on 
fish weight recorded at fortnight ly samplings. 
Table I. Formulation and proximale analyses of diets used in this study 
Ingredients (%) 5% 10% 20% 25% 30% 
Fi~h meal 8.8 17.3 34.3 42.8 5 1.3 
Tapioca 80.0 7 1.5 54.5 46. 0 37.5 
CoJ tivt:r oil 4.4 3.8 2.8 2 .2 1,7 
Sug,ircimc pith 4.8 5.4 6 .4 7 .0 7 .5 
Vit. min. mix' 2.0 2.0 2.0 2 .0 2.0 
Tutu I 1 oo.n 100.0 100.0 100.0 100.0 
Proximate analv~i~ l % \ 
Moirn1re 9.7±0. 7 9 .8±1.3 l 0.0±1.9 9.9±1.0 10.8±1 .2 
C rut.le protci n 6.7± 1.3 12.3:1;0.6 22.4±.0.9 25.6±1 .7 29.6±2. 1 
Ether cxtrar t 5.0±0.6 4 .8±0.8 4.4±1 .0 4 .6±0. 1 4.5±0.0 
Ash 5.6±0.5 6.8±0. I 9. 2±1 .0 10. 1±1.6 10.9±1.0 
l'ruuc tibrc 9. 1±2.0 9.2±2. J 11.3±1.8 12.8±2.0 13.2±1.6 
Nrr 63.9±0.9 57 . l±2.3 42 .7±1.8 37.6±2.2 31.0±2.6 
G ro~s energy (kca Ill 00 2) 352.\/ 353.8 363 .8 342.0 338.8 
Mean ± ~tandard ueviation 
,. I kg of Vit. min. mix. contains Vitamin A 20 00 000 J.U., Vitamin 0 3 4, 10 000 1.U., Vitamin B2 0.52 g, Vitamin E 
350 Unit.-. Viramin K 0.4 g, Calcium pamalhenate I g, Vitamin 812 '.\mg, Choline chloride 6% W/W, Calcium 340 g, 
Manganese I I g. Iodine 0.4 g. Zinc 6 g. Copper 0.8 g. anti Cobalt 0. 18 g. 
The second ~xperiment was conducted in 12 earthen ponds of 675 m l eacb. Three different 
levels of protein ( 15, 20 and 25%) under two different rates of fertil ization with poultry manure 
( I 0 and 20 tons/ha/yr), were evaluated using fish from the same stock of 'stunted' rohu, over a 
period of 90 days. Fourteen days prior to the stocking of fish, ponds were fertilized with 20% of 
the total manure dosage and subsequently they were fertilized at about 8% of the remaining 80% 
dosage every month. Feeding was done only with rice bran and groundnut oil cake mixed in 
different proportions to obtain 15, 20 and 25% protein, keeping carbohydrate constant (Table 2). 
Fish were stocked at a density of 2000 no/ha and fed at the rate of 5% body weight daily with wet 
dough of rice bran-oil cake mixture form for the first 45 days. Thereafter, the feeding rate was 
reduced to 2.5% body weight. The quantity of feed was adjusted based on fortnightly sampling of 
fishes. 
In both experiments, feed was placed in suspended trays to reduce wastage. Water quality was 
monitored routinely for temperature, pH, oxygen, carbon dioxide and alkalinity (APHA 1985). 
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Plankton sample. were also collected at fortnightly intervals using 60 micron bolting silk cloth. 
The dry weight of plankton was determined by dry ing the ample at 100°C for 24 hours. At the 
beginning and the end of the experiment whole fish were analyzed for proximate composition 
(AOAC 1975). Fish from the first experiment were used for estimating RNA and DNA (Schneider 
1957) and three enzyme groups, namely, protease (Kunitz l 947), amylase (Sumner 1924) and 
lipase (Nahcr 1974). All data were subjected to A OYA and Duncan's mulliple range test ( J 955) 
to find out significant differences between the treatments. 
Table 2. Percentage composition of ingrcdien1s and calculated level~ of proximmc composition 
/11grl'llie111 (%) 
Rice brnn 
Grountlnu1 oi l cake 







Gross energy (kcal/ I 00 g) 
Dietary prolein level<%> 












3 I .2 
l:!.8 















In the fi rst trial where growth response of rohu to different level of protein and carbohydrate 
was studied. a progre s ive increase in weight with increa, ing dietary protein concentration and 
decreasing carbohydrate level was observed (Figure I ). However, no significant differe nce was 
observed in weight gain between fish fed 25 and 30% protein; similarl y there was no difference 
beLwcen lower levels (p<0.05). Food conversion ratio, protein efficiency ratio and net protein 
retent ion did not differ significantly between 20, 25 and 30% protein treatments (Table 3). Body 
composition data showed no significant (p<0.05) difference in the protein and ash content of fish 
from various treatments (Table 3). A marginal increase in moisture content was noticed with 
increasing protein level, the highest being at 30% protein. Jn contrast to these parameters, fat 
percentage was significantly (p<0.05) lower in fish fed 25 and 30% protein diets as compared to 
the rest. 
500 -- tO, l•O 
~ ''" '° ! • OO U'" 13~110 
~ """' .... ,'° 
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Figure 2. Growth pcrforrn:incc of 'stunted" rohu fed wi 1h 
diffcrcn1 levels of protein diels in fertilized 
can hen ponds. 
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Table 3. Growth. FCR. PER. NPR and proximate composition of rohu fed with different levels of protein 
Dietary protein 
level % 
P.iramcter 5 10 20 25 30 
Initial mean weight (g) 20.2±2.0 20.2±2.0 20.2±2.0 20.2±2.0 20.2±2.0 
Final mean weight lg) 90.4±24.0a 98.2±18.28 120.0±l3.8b l50.1±16.3c J 50.4±2.)C 
SGR (<µ) 1.7±0.08 1.8±0.oa 2.0±0.ob 2.2±0.oc 2.2±0.oc 
FCR 3.0±0.(C 2.7±0.1 b 2.3±0.1 3 2.0±0.1 3 1.9±0.03 
PER R.6±0.4c 4.6±0. I b 2.4±0.33 2.0±0.03 1.1±0.03 
NPR (%) 97 .0±4.JC 54.7±1.5b 33 .8±1.1 a 28.6±0.43 24.9±0.03 
Carcass composition (~) 
Moisture 70.1±0.9 70.7±0.3 71.0±0.3 72.5±0.2 73 .0±0.2 
Crude protein 14. l ±0.2 14.3±0.2 14.8±0.0 14.2±0.0 14.0±0.3 
Cnidc fat 9.6±0. lc 9.7±Q.JC 9.1±0.ob 7.8±0.1 3 8.0±0. 1 a 
Ash 2.9±0. l 2.6±0.1 2.6±0.0 2.8±0.0 3.1±0.0 
I.Mean ± standard deviation 
2. Figures in the same row having same supe.rscript or without superscript are 1101 significantly different (p>0.05) 
The highest level of RNA and DNA was recorded in fi sh fed with 20 and 25% protein die ts . 
their ratjo being the highest in the latter treatment. While there was no signi ficant difference in the 
muscle glycogen level between the treatments, glycogen level in liver was the highest for fish fed 
20% protein (Table 4). The total and specific activity of amylase and protease increased up to 20% 
protein; thereafter, it decl ined. There was no variation in intestinal lipase activity between different 
treatments, but hepatopancrease activity was the lowest in fish receiving both the highest and 
lowest level of protein (Table 5). 
In the growth trial conducted in earthen ponds, a progre s ive increa e in weight gain was 
observed with increasing d ie tary protein concentration in ponds fertil ized with 10 tons/ha of 
manure. However, under 20 tons/ha manure treatment. growth declined above 15% dietary protein 
level (Figure 2). The food conversion ratio wa best at 25% protein level with 10 tons/ha 
fertilization. Unfortunately, fish survival was lower in all the treatments due to predation by otters 
which are highly piscivorous. Analysis of flesh for proximate composition did not show any clear 
trend. Moisture leveJ remained high at 25% protein at both leve ls of fer tilization (Table 6). The 
protein content declined with an increas ing level of protein at 10 tons/ha, while there was no 
s ignificant difference (p<0.05) in its level between different treatments at 20 tons/ha. Fat content 
remained higher at 20% protein in both treatments, wl1ile ash content was essentially the same in all 
the treatments. 
T here was variation in p lankton productivity and alkalin ity at the two d ifferent leve ls of 
ferti liza tion (T able 7). Microscopic analysis of plankton samples indicated that throughout the 
experimental period zooplankton dominated (about 70%) over phytoplankton . Among 
z.ooplankton , rotifers were predominant (30%); namely Brachionus, Filinia and Keratella. Other 
zooplankton encountered were cladocerans, copepodes, protozoans, etc. Among the 
phytoplankton. Myxophyceae was the most frequent group followed by Chlorophyceae. 
Discussion 
The protein requirement of fry of Indian major carp is known ro vary between 40 and 50% 
(Sen et al. 1978: Singh et al. 1987: Singh and Bhanot 1988) and thal of fingerlings from 30 to 
35% (Khan and Jafri 1991 ). Renu)<aradya and Varghese ( l988) conducted a field study with catla 
and rohu fingerlings and observed no difference in weight gain of fish fed 30 and 40% protein, 
and conc.:luded 30% protein to be optimum. 
The results of ou r study clearly demonstrate that in 'stunted' yearlings, 25% protein induces 
growth equal to that of 30% protein and hence from the view point of reducing production costs, 
the former leve l can be considered to be optimum. RNA:DNA ratio is known to provide a 
dependable indication of growth trends (Buckley I 980; Mustafa and Mittal l 982; Khan and Jafri 
199 J ). Jn the present study, this ratio js the highest at 25% protein so it is advisable not to use 
feeds w ith higher protein level for 'stunted' fish. Although both amylase and protease activity were 
higher at 20% protein, 25% protein could be considered as adequate and economical b ased on the 
final weight gain. 
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Table 4. RNA, DNA and their ratio in mu~le and muscle anti liver glycogen in rohu fed with different levels of protein 
Treatment RNA DNA RNA/DNA ratio Muscle Glycogen Liver Glycogen 
{mg/I!) (mg/g) (mg/g) (mg/g) ( mg/g) 
5'7r 0.54±0.023 0. 28±0.00 t.89±0.08a 0.43±0.0 I 12.40±0.1 ob 
10% 0.10±0.osa 0 .28±0.00 2.46±0. 1 sb 0.46±1.0ll 1 J.99±0.23d 
20% 1. 17±0.USC 0.35±0.00 3.32±0. J 4C 0.43±0.35 14.92±0. 1 oe 
25% J.37±0.0JC 0 .29±0.0 I 4.55±0. 14d 0.44±0.12 13.33±0. t 9C 
3oc;1 o.89±0.02b 0.26±0.02 3.58±0.01c 0.45±0 .05 s.ss+o.osa 
l. Mean ± standard 
2. Figures in the same row hav111g same superscript or withoul ~upcrscript are not significantly different (p>0.05) 
Table 5. Tota l (~t/g tissue) and Specific (µ /g protein) ac tivny at 25°C of amylase. protease and lipase in intestine and 
hepatopanereas of fi sh l'ccl with different levels of protein 
Treatment Amxlase activiL)'. Protease ae1ivi1 )'. Li ~ase activiL)'. 
Intestine Ha11a to~ancreas Intestine J-la~at o12ancreas Intestine Ha~a1012ancrc 
5% Total acti vity 14 .8±0.28 44.0± 1.611 2.3±0.23 13.3±0.5a 0.4±0.0 0.4±0.03 
Specific acri vi ty 99.2±0.s" 194.9±7.la 15.5± 1.33 59.0±2.3h 0.6±0.0 1.7±0.0:l 
I IJ'il: Tora! activity 22.1±0.6c ss.J±1.oh 4.0±0. 1 b 24.3±1.2h o . .ao.o o.4±o.ob 
Specific activity I 26.6±J.3C 265.7±-l.6c 22.6±0.63 1I7 .0±5.6C 2.4±0.2 2.1 ±0.ob 
20% Toral acriv iry 26. l±0.7d 8 l .4±0.4c 25.9±0.sc 45.0±3. I c 0.HO.O o.s±o.oc 
Specific :ie1ivi1y I 42.8±3.6d 360, I ± 1.flc I 4 l.9±4.4d l 99.0±3.6d 2.0±0.2 2.3±0. I b 
25% Tota l activi ty 17 .9±0.2b 67 .8±0.&cl 1 s. 1±0.sc 13.7±0.7c 0.4±0. 0 0.5±o.oc 
Spct'ific :icrivity 97.9±1.3 3 b 306.2±3.6'1 99.3±2.6b 60.4± l .6b 2. 1±0.0 2.4±0. 1 b 
30'K Tota l activity 14.2±0.Ja 61.3±1.0c 19.7± 1.0d 6.6±0.)cl 0.4±0.0 0.4±0.03 
Specific activi ty 8.0±1.63 246. 1±4. I b t 22.4±6.oc 26.5±1.23 2.4±0.3 1.6±0.03 
I. Mean ± standard dcv1:i1inn. 
1. Figures in lhe same column having same superscript or without superscript are nol ~ignificon tly different (p<0.05). 
Tntile 6. GrnwLh and prox1ma1c composition o t rohu grown 1n cttrlhcn ponds with 1·crli lizal iun and different leve ls uf 
prote ins 
Dieltlr)'. 12rotein levels(%! 
Parameter 15 20 :!5 15 20 25 
{Fcrtili7:ation @ I 0 ton/ha/yr) (Fertilization @ 20 ton/ha/yr) 
ln111al mean wt lg) 19.5 19.5 19.5 19.5 19.5 19.5 
Final mean wt (g) '.!80.5±5J. l a 42-1. 7±66.1 cl ·09.2±85.8e 502.5±55.63 f 369.3±89. lc 300.3±63.6b 
Survival (%) 3 1.9cd 2ua 35.6cd 25Aah 32.6cd 29.6bc 
rcR 5.4c 4.8c 2 93 :uab J .sh 5.2 1c 
Meat analysis (%) 
Moi ~lurc 77 .8b±O. lc: 77.1±0.1 ah 79.0±0.Jd 76.4±0.4ab 76.2±0.6a 77.6±0. sb 
Crude protein 19.9±0.tCcl 1 s.2±0.ob 17.4±0. I 3 18.5±0. IC l 8.6±0.ocd I 8.7±0.0d 
Ether extract 0.6±0. 1 a 2.2±0.oc 1. l±0.6b 2.3±0. tC 2.3±0. JC 0 .7±0. 19 
Ash 1.9±0.3 1.4±0. I 1.6±0.1 1.4±0. 1 1.5±0. I I .7±0.1 
1ean ± standard dcvialion 
:2. Figures in Lhc same row having same superscript or without ~upcr cript are not ~ignificantly different (p>0.05) 
Table 7. Total counl of planklon (nurnber/L) in different treatments measured al different inlervals in fonilized ponds during the experiment 
T realment and Days 
Fertilization rate 15% Protein diet 20% protein diel 25% protein diet 
and plankton 
0 30 55 70 90 Average 0 30 55 70 90 Average 0 30 55 70 90 Average 
group 
JO tons/ha/yr 
Total zooplankton 686 390 168 1218 2406 974 686 640 646 875 1166 803 1031 323 487 938 1133 782 
(44.7) (36.9) (58.1.) (39.8) (78.0) (53.0) (44.9) (83.4) (40.2) (51 .9) (58.7) (53.0) (76.8) (36.4) (.12.6) (47.7) (61.0) (51.89) 
Total 834 868 293 1844 677 865 843 127 959 812 819 712 3 12 565 1006 1031 725 728 
phytoplankton (55.1 ) (63.6) (63.6) (60.2) (22.0) (47.0) (55.1) ( 16.6) (59.8) (48. 1) (41.3) (47.0) (23.2) (63.6) (67 4) (52.4) (39.0) (48.2) 
20 tons/ha/yr 
Total zooplankton 3344 6!\8 652 2249 1930 1973 1563 312 234 '2874 4090 18 15 1405 432 138 2874 4158 1801 
(93.8) (58.4) (35.0) (62.1) (66.4) (69.3) (70.4) (73. 1) (53.4) (61.7) (69.6) (66.6) (6 1.5) (82.8) (5 I.I ) (58.6) (69.5) (64.5\ 
Total 220 90 1212 1375 1481 876 656 115 204 1781 1796 910 881 90 IJ2 2031 1827 992 
phytoplankton (6.2) ( 11.6) (65.0) (37.9) (33.6) (30.8) (29.6) (26.9) (46.6) (38.3) (30.5) (33.4) (38.5) (172) (48.9) (41.4) (30.5) (35.5) 
Figures in parenthesis indicate percentage occurrence 
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Herbivorous fish gcneralJy possess higher amylase activity as compared to carnivorous fish 
(Phillips 1969; Da ' and Tripathi 1991). Its activity is known to exist throughout the intestine in 
lndian major carps (Das and Tripathi 1991 ). Efficient utilization of protein and carbohydrate 
appears to have occurred with lhe 25% protein and 37% carbohydrate dier. Proteolytic activity 
tends to vary depending on type of diet (Scherbina et al. 1976). Probably owing to the constant 
level of fat in all the diels, there was no marked variation in lipase activity between different 
treatments. Lipase acti vity is reported to be totally absent in catla, whi le in rohu and mrigal it is 
seen only in the anterior 1/5 of the intestine (Dhagc 1968). 
The results of the field tri al involving both fe11ilization and feeding corroborate the findings of 
the first experiment. carried out without fertilization. Although there was progressive increase in 
growth with increasing protein level at JO tons/ha fertilization, there was no significant difference 
in fish growth between 20 and 25% protein treatments. However. the increase in fertilization rate 
resulted in poor growth beyond 15% protein. This variation could be attributed to the leveJ of 
protein contlibuted by the natural food produced through fertilization. However, these results 
require reconfirmation .in view of the poor survival of the fish. 
Sehgal and Toor ( J 99 J) reported that feeding rate in carps should be varied depending on the 
environmental parameters, particularly in rel ation to temperature, since feed assimilation and 
growth are largely dependent on these parameters. In order to ascertain the effect of environmental 
parameters, particularly temperature, long-term growth trials are essential. Further studies are in 
progress to determine the nutrient input through feed, taking into consideration the nutritional input 
through autotrophic. heterotrophic and saprophytic food chains. 
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Abstract 
W:itcr hyacinth (Eiclrornia cmss1pes) has been usel.i in fish cu lture for many years in many countries. 
Four C'\pcnments using water hyacinth as ~upplementary feed for nursi ng fish were cvndurted in hapa-in-
pond conditions in the l\!ckong Della. Vietnam. Fingerling~ ot ( 1-6 g) of Nile tilapia (Oreochromis 
11ilotir11x), common carp (Cyprinus car11in). grass carp (Cre11oplwr1'11godn11 r'dd/11s), and puntius carp 
( /'11111i11.( R1111irmotm) were used for this experiment. The fish were stocked in 9 (or 12) hapas, of I x 1 x I 
m, with u tlcns1ly of 30 fish/hapa. Chopped water hyacinth mixed with raw rice brnn. and fermented rice 
hrnn. was used ns feed. A tre::itmcnt using rice hrnn alone w:I~ the ccmrrol. 
D:un obtained during live weeks of nursing showed tlrnl thac wa~ no signific:mt difference among 
the 11 e;11mcnrs in grass c::irp and puntiu~ . Hnwever, there wa~ a !>ignilk:tnl difference becween the 
performance or wrnmon corp fed the water hyacinth-rice hran mixture and thvsc fed the control treatment. 
A M!!nilkant d1ffercnce w:l' :llso found between Nile tilapia fed the trc:itments of rice hnrn-watcr hyacinth 
mix111rc nnd the fermented mixture. 
W:11er 41wlity parameter:.. natural food pl1pulation1, :ind 'omc Ct'nnomical aspect~ of the use or water 
hync1111h will he tliseusi;ed in this paper. 
Introduction 
The rapid expansion of aquaculture in the Mekong Del la. Vietnam is creating a sho11age of fish 
fingerl ing and feed supplie . Many famil y-scale fi h hatcherie are in a pha. e of construction and 
thi together wi1h the privatization of tate hatcheries will probably produce a bigger quantity of 
fingerlings for aquaculture. However, in terms o f feed supplie fi sh farmers are still fac ing 
problem .. l n fact, as in other developing areas, fish culture in the Mekong Delta is based o n the 
technique of low input. Cullured fish are characterized a. omnivorous. herbivorous and 
planktivorous feeders which do no t need costly feed. Since agricultural by-products, i.e. rice bran, 
broken rice und manures are the main input to such cultivation, there is competition between animal 
husbandry and fish culture for food, and therefore, a shortage of feed supplies sometimes occurs 
seasonally, reducing fi sh production. To overcome the problem pelle1 feeds may be the answer. 
102 
However. because of its high price such feeds are suitable only for shrimps or o ther exported fish . 
Poor farmers in ruraJ areas must look for cheaper methods to carry out their aquaculture activities. 
'Water hyacinth (Eichomia crassipes), raw, composted o r pelleted has been tried as 
supplementary feed for pond culture (Edwards 1981; Edwards et al. 1983; Kamal 1983; Vareesajja 
1984: Kwang 1985: Pongsri 1985; Gopal 1987). Fish production from these tri als looked very 
promising and was comparable to other feeds. Therefore, use of water hyacinth as pond input was 
suggested for aquacuJture in iural areas, particularly in the Mekong Delta where water hyacinth 
grows freely. Undoubtedly making use of water hyacinth for pond culture is an important way not 
only to increase fish production fo r poor farmers but also to expand aquaculture in this region. 
[n the past few years some case studies where water hyac inth was used for fish cu lture have 
been carried out in the Mekong Delta. The fol101wing results were obtai ned from nursing 
experiments in which water hyacinth in different forms was the main input. 
Materials and Methods 
Four fish species-common carp (Cyprinus carpio), Nile tilapia (Oreochromis niloticus), 
grass carp (Ctenopharyngodon ide/lus) and puntius carp (Pwitius gonionotus) of fingerl ing size 
( 1- 6 g/fish) were used for the experiments. The fish were supplied by the fi sh hatchery of Cantho 
University. Eac.:h group was from one batch. They were acdimat.ed fo r 48 hours for hapa 
conditions before experimentation. 
Twelve hapas, s ized I x l x 1.4 m (l m immersed in water), each containing 30 fish , were set 
in ponds for the experiments. All experiments followed complete randomized design and lasted 
five weeks. 
Newly harvested water hyacinth was chopped int.o small pieces, and used either to feed the 
fi sh directly or mixed with rice. bran at 1: 1 and l :2 ratios or fermented for other treatments. The 
proximate composition of different feeding treatments is presented in Table l. 
1 uhll' I. Proximnte composition of feeding treatments (gj I 00 g) 
Trc11 tments M oist Protein Li~id Ash Pihrc Carbohxdrate 
(i ) 
Rice hr~111 I l . I 9 11 .89 14.93 5 .05 5Q .55 o.41 
'k dry ha~i s 0 00 13.5 1 16.96 5.71 56 .54 7. 28 
(i i i 
Water hyacinth 94. 18 0 .87 0 .15 I. 98 J.76 l.06 
% tlry basis 0 .00 I J .4~ 2.51 34 .06 J 1.78 18.25 
(iii) 
l<ll + Wit ( 1. l 1 "5 .35 6 .03 7.46 :us 24.05 3.30 
'."f, dry ba~i s 0 00 I 5.50 16.n 8.47 53.99 7 .39 
( iv) 
Rl-3 + WH t l :lJ 6 7 1() 5 .58 4.98 J .6Q 16.67 2 .90 
% Jry basis 0 .00 14.99 15 ,24 10.99 5 1.20 8 .59 
(v) 
fcnncntcd RB + 6~. 63 4 .74 4,75 3.40 I 5.60 2 .86 
Wit (I :2) 
% dry basis 0 .00 15 .. 11 15. 16 I 0. 84 49.74 9 .. 15 
RB = Rice bran WI-I = water hyacinth 
Fish were fed to satiation once daily. The growth and survival rates were determined every 
seven days. On the same day water quality parameters (dissolved oxygen, C02, pH, temperature, 
transparency) and planktonic organ isms (phytoplankton and zooplankton) were also checked and 
recorded. 
Statistical comparisons of the results were processed by using anaJysis of variance. Duncan's 
multiple range Lest was used to evaluate the difference between means of indjviduaJ diets at 0.05 
s ignificant level. 
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Results 
Water quality and planktonic organisms 
Table 2 presents some important parameters that might affect the growth and survival rates of 
experimental fish. Attention was paid to the fluctuation of dissolved oxygen that sometimes 
dropped down ro levels less than I ppm. However, the low levels of dissolved oxygen occur:red 
only in the morning and did not last long, and fi. h kills were not recorded. The natural food 
populacion in tem1s of phytoplankton showed a low fe11 ili ty in the pond water. This is reasonable 
because the hapas were set in a large canal in a rice field which had not been used for fish culture. 
ln general, the data on water quality and natural food ~uctuated during the experimental period, but 
were stil l in a suitable range in which the fish could grow normally. Therefore the re ults are 
thought to be due to the effects of experimental treatments. 
Table 2. Some water quality parameters and planktonic populillion 
Experiment Number/Species 
Mean Values 2 3 4 
C. carp N. tilapia G. carp P. carp 
Temperature (°C) 32 .5 31 30 3 l .5 
pH 7.2 7.3 7.2 7.0 
Transparency (cm) 30 34 40 28 
Oxygen (mg/L) 1.54 l . 73 1.46 1.36 
!0.85-2.88) (0.D - J .08 ) <O. 79- 2.05) (0.75- 2.0 1) 
C02 (mg/L) 17.43 18. c17 20.82 19.29 
Phy roplankton 6900 5800 4600 4200 
(individual/L) 
Zooplankton (bod\1/L) 560 530 330 2.90 
Experiment 1 
Common carp (Cyprinus carpio) were stocked in hapas for thi s experiment. They were fed 
one of three diets: 
Diet (i): Rice bran 
Diet (iv): Rice bran+ Water hyacinth. ratio I :2 
Diet (v): Rice bran+ Water hyacinth, ratio 1:2, fennented 
There were significant differences in all of the mean values between fish fed with diet (i) and 
diet (iv). Fish fed diet (i) (rice bran) performed better compared to those fed raw rice bran and 
water hyacinth mixture (Table 3). However with diet (v) where rice bran and water hyacinth were 
mixed at a ratio of 1 :2, then fermented. the performance was not significantly djfferent from the 
other two treatments. 
Table 3. GrowLh perrormances or eommon carp fed with differem water hyacinth-containing diets 
Mean Values Diets 
Initial weight (g) 
Final weight (g) 
Percentage weight giiin (%) 
Daily weight gain (g/dll)) 
Spcc:ific growlh ralc {%/day) 




187.3a !SJ .4b 
0. 173 0. 148 
2.85a 2.49b 
13.0a I S.7b 










Nile tilapia (Oreochromis niloricus) were used for this experiment where four different diets 
were applied: 
Diet (i): 




Rice bran+ Warer hyacinth, ratio I: 1 
Rice bran+ Water hyacinth, ratio I :2 
Rice bran+ Water hyacinth, ratio I :2, fennented 
There were no significant differences in aJI vaJu,es obtained with Nile tilapia fed the control 
treatment (diet (i), ri ce bran) compared to the other three dietary treatments (Table 4). There were 
also no s ignificant differences between fish fed diet (iv) and diet (v), even though fish on diet (v) 
performed a little better than fish on diet (iv). At the same time, significant differences were 
recorded in fi sh on diet (iii) compared to fish on diets (iv) and (v) . Diet (iii) consistently produced 
better results than other diets. 
T;iblc 4. Gmwth pcrfonnanccs of Nile tilapia fod with different water hyaci nth-containing diets 
Mean Values Diets 
(i (ii ( iv) (v 
Initial weight (g) 1.89 1.89 1.89 1.89 
Final weight (g) 10.463 b 11.19b 9.393 9.76a 
Percentage weight (gain) 453.6ab 492.4b 397.oa 416.03 
0Jily '' eight gain (g/day) o.23ab 0 25b 0.203 0.2 1 a 
Spcc1lk growth rate (%/day) 4 .61ab 4.8 1 b 4.33a 4.43a 
Food Conversion Ralio 1 .1oab 6.96b 8.463 8. 16a 
Nntr· Figures in the ~ame row having the same superscripts were not significantly different (p< 0.05). 
Experiment 3 
The experiment was conducted with grass carp (Ctenopharyngodon idellus) which were fed 






Raw water hyacinth 
Rice bran + water hyacinth, ratio l :2 
Rice bran+ water hyacinth, ratio L:2, fe rmented 
There were no signjficant differences between fish fed the four different diets (Table 5). At the 
small lingerling tage ( l g) grass carp probably did not prefer plant materials. Therefore, it seemed 
to be a trend to gain better resuJts from fish fed the control treatment. 
T:ihlc 5. Growth performances of grass carp fed wi th diffe rent water hyacinth-containing d iets 
Mean Values Diets 
(i) ( ii ) (iv) (v) 
lnit1<1I weight (g) 0.75 0. 75 0.75 0.75 
Final weight (g) 3.28a 2.998 3.13 3 3. 133 
Pem.:n1agc weight gain(%) 337.8a 299.08 3 I 6 .9a 3 J 6.4a 
Daily weight gain (g/doy) 0.0753 0.0658 0.0693 0.0693 
Specific growth ra te (%/day) 4.333 4 .063 4 .188 4. 193 
Food Conversion Ratio 21,9a 24.98 24.0a 24.08 
Note: Figures in the same row having the same superscripts were not significantly different (p<0.05). 
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Experiment 4 
Puntius go11iono1us was stocked and fed one of three different diets. 
Diet (i): Rice bran 
Diet (iv): Rice bran+ Water hyacinth, ratio 1 :2 
Diet(v): Rice bran+ Water hyacjnth, ratjo I :2, fennented 
Values obtained from fish fed with rice bran (diet (i)) were normally hlgher than those 
obtained from diets (iv) and (v). However, there were no significant differences between the three 
diets (Table 6). 
Table 6. Growth perfonnances of P1111tius go11iu11on1s fed with diffon:nt water hyacinth-co11taining diets 
Mean Values Diets 
(i) (iv) (V) 
Initial weight (g) 1.46 l .46 1.46 
Final weight (g) 4.18" 3.9oa 4.103 
Percentage weight gain (% ) 86.3n 163.9:1 L 78.83 
Daily weight gain (g/day> 0.0!lOa 0.070;} 0.076l;I 
Specific growth rate ('ll,i/day) 3.093 2.iW' 3.ooa 
Food Conversion Ratio 25.011 27.53 27.3a 
Notc: Pigun:s in the same row having the sme superscripts were not signir1can1ly uiffercnl \p<0.05). 
Disc uss ion 
On the basis of fish growth. different forms of water hyacinth used as supplementary feed in 
the nursing of common carp, NHe tilapia. grass carp and puntius carp were comparab le to rice bran 
which has been normally applied to nursing ponds in Vietnam. In cem1s of percentage weight grun, 
daily weight gain and specific growth rate. water hyacinth mixed with rice bran at a ratio of 2: 1 
either raw or fermented could be used to replace rice bran in nursing ponds. Io terms of species, 
only Nile tilapia performed better when fed on water hyacinth. They grew qu ite fast with a specific 
growth rate of 4 .3-4.8 %/day. At the same time, grass carp which is known as a herbivorous 
feeder seemed not to perforn1 well with water hyacinth. Grass carp grew faster with rice bran than 
water hyacinth-containing diets, however, again all of the growth values were not significantly 
different. 
Different species utilized different levels of water hyac inth as thei r supplementary feed. From 
the specific growth rate point of view, Nile tilapia increased 4.43%/day, followed by grass carp 
(4. I 9%/day), then pun ti us (3.00%/day) and common carp (2.66%/day) if the fermented mixture of 
water hyaci nth and rice bran (ratio 2: 1) was given. Values of the food conversion ratio also 
indicated differences in water hyacinth ut1lization. Nile tilapia ·howed the best results. 
Tahlc 7. CilSl or feed nnd unit weight gain with different species (dong/kg> 
Species 
li) t ii) (i ii) 
CommtH1 Cilrp 9 748 
Nile tilapia 5 778 2 609 
Grass carp 16 433 1 245 
Puntius 18 818 











ft is importan t to mention that because water hyacinth could be harvested freely, using it kept 
the feed cost quite low. Cost of diet (iv) and diet (v) was only 35% and 40% of diet (i), and 
therefore the cost of unit weight gain looks very attract ive (Table 7). With Nile t. il apia for example, 
it was 2 115 dong (diet (iv)) and 2 540 dong (diet (v)) compared with 5 778 dong (diet (i)). 
In general , data obtained from the above experiments showed the feasibility of using water 
hyacinth for fish nursing is very good. 
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Abstract 
This study was made to <leterrnine the effect of pond size on feeding levels to achieve maximum fish 
growth (Gmax ). The experiment was based on a 330-day ru hure of common carp. Cyprinus carpio v::i r . 
co1111111111is in experimental ponds of 0.002, 0.008, and 0.065 ha J;lrea (20 m2. 80 ml . and 650 m2. 
respectively) manured with I 8 tonnes ha· 1 yr 1 uf a mixture of cow duhg ( 1 part) anu poultry droppings (3 
parts) (w/w b1.1sis). The su pplementary diet fed to lhe fish consisted of rice bran. groundnut oil-cake und 
fish 1neal and had crude protein , total carbohydrate and total lipid contents of' 35, 27. and S.7%, 
respective ly. A direct relationship was observed between pond size and flsh growth in terms of average 
fish hiom:m (AFB). net weight gain (NWG). average dai ly weight gain (ADG) and specific growth rate 
CSG R). The re lationship was significunL during the middle stanza of growth extending from 135 to 240 
days of Lhe cu lture which corresponded to favourable water quality and plankton production in the culture 
ponds. Jlowevcr, in ponds which did 1101 recei ve any supplementary feeding, the increase in the size ol' 
pond had no signi ficant effect on l'i~ h growth. Simi larly, in ponds of minimum arcn (0,002 ha; 20m2), 
differences in the growth or fish red O. I. J and 6% of their biomass were nonsignificant. Computer-aided 
regression models have been developed to predict desired ration size in relation to pond area. 
Introduction 
The economic viability of an aquaculture syste m depends co a large extent on reasonable 
feed ing costs. Supplementary feeding is the single highest recurring cost jn inlensive and semi-
in tensive culture systems, fo rming approximately half of the total cost of fi sh farmipg. Thus, 
feed ing charts/schedules that will best suit local farming conditions must be based on sound 
nutri tional principles taking into account most of the theoretical aspects of fish nutrition (Hepher 
1988). 
Several studies done in the recent past to make supplementary feeding cost-effective have been 
d irected either to substitute the high cost fish meal with some less expensive protein sources (Matty 
and Smith 1978; Beck et al. 1979: Jackson et al. 1982; Winfree and Stickney 1984: Appler 1985: 
Sehgal and Thomas 1985, 1987; Wee and Wang 1987; De Silva and Gunasekera 1989; Sehgal and 
Shamia 199 L 1993) or to identify water quality parameters such as temperature and salinity which 
would allow maximum food consumption and/or conversion effic iency (De Silva and Perera 
1985). 
JOR 
There has nol been much emphasis on improving feeding practices to lower the co t of 
supplementary feeding. Traditional carp feeding is by and large based upon the biomass of fish to 
be fed in a pond. Although pond ecological conditions; physical stnicture and nutritional value of 
the feed; and availability and quality of the natural food play an important role in determining 
con!'lumption rates and dige ribility of the feed consumed (Brett 1979: Brett and Groves J 979), 
these pararnelers are usually not considered in deciding ration size. Lovell (1977) incorporated 
temperature. in a rough manner. in the feeding schedules for channel catfish. It was onJy recently 
that we made an aucmpt to incorporate pond ecological conditions, including natural food in step-
wi ·c regress ion models to fo1mulate cost-effecti ve feedi ng strategies for common carp based on 
fish biomas and pond ecology. rather than on the basis of rtsh biomass alone (Sehgal and Toor 
1991 ). 
In our continued effort to identify the parameters that have potential roles to play in developing 
cost-effective feeding charts/schedules for carp under a particular set of farm conditions the present 
experiment was designed to study the role of pond area in deciding ration size and the possibility of 
using this pammetcr in improving the predictive ability of the models developed earlier. Economics 
of fi ~ h biomass based and fish biomass-pond area-pond ecology based feeding strategies for carp, 
Cvprilws carpio co1111111mis are compared. 
Materials and Methods 
The studies were conducted at the Fisheries Research Complex of the Punjab Agricultural 
Univcr:-.ity, Ludhiana, India from lO April 1990 lo 5 March 199 L (330 days of culture). The 
experiments were conducted in twelve rectangular pond · of three different izes. 20 m2 (0.002 ha), 
80 m 2 (0.008 ha) and 650 m2 (0.065 ha). A de cription of these creacrnencs i given in Table I. 
Each experimen1al pond was manured with 18 000 kg ha- I ycl of cow dung (l part) and poultry 
manure (3 part ) (w/w basis) fifteen days before tarting the experiment, when one tenth of the 
manure was applied. The rest of the manure was added in equal in talments twice a week. Thirty-
day old c.:ommon carp, Cyprinus r(lrpio raised in our hatchery were scocked to correspond to JO 
000 ha-1 of the experimental ponds. The mean weight at stocking was 1.55 ± 0.08 g. 
Table 1. Description of various treatmenls used in the present snidy 
Treatment code Description 
feel.l ing level* Pond area (ha) 
Tl 0 0.002 
T2 I 0 .002 
T3 .'.l 0 .002 
T4 6 0.002 
TS O 0 ,008 
T6 I 0 .008 
17 J 0.008 
TR 6 0 008 
T9 ll 0 .065 
TIO I 0.065 
Tl I J 0 065 
Tl2 6 0.065 
"'Percent dry feed of fresh fi sh biomass 
The . upplernentary feed used in the present study was prepared by mixing most commonJy 
u.;ed ingredient such as rice bran, groundnut oil-cake, and fish meal. The vitamin and mineral 
premixes were used as recommended by NRC (1983). The proximate composition of the feed was: 
crude protein (CP)-35%. total carbohydrates (TC)-27%. total Jipids (TL)-· 5.7% and gross 
energy (GE)-3.62 kcal g-1• The proximate composition of lhe diet was analyzed by the methods 
recommended by AOAC ( 1984). The gross energy was estimated by ascribing CP 5.7 kcal: TC 4 
kcal and TL 9.5 kcal g-1 of the respective nutrient (Higgs et al. 1985). Modified Winkler's method 
was used for the estimation of dissolved oxygen (APHA 1976) and pH was recorded with a 
'Systronics· pH meter. Phyto-and zooplankton were estimated by the methods recommended by 
APHA ( 1976). 
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Growth was mca ured in terms of average fish biomas~ (AFB), net weight gain (NWO), 
nverage daily weight gain (ADG) and specific growth rate (SGR). The values of AFB for 0-45 
days are based on a combined sample of I 5 randomly collected fish from each treatment and on 
individual weight or 15 fish from the 60th day onwards. The ADG and SGR were calculated 
according to the following formulae: 
ADO = WT- Wt 
T- l 
SGR =Loge W~- Loge Wt x JOO 
- t 
where WT is the final weight al time T and Wt is the initial weight at time t. 
On the ba:-.is of the data collected on growth in experimental pond. of different sizes and 
a sociatcd pond ecological factors, the folJowing four types of statistical analyses were performed. 
I. Two-way ANOVA and multiple range test: This test was used to determine the significance of 
difference between the treatments and the interaction between pond area nnd ration size with 
respect lo their effects on fish growth. 
2. One-way ANOVA and multiple range test: One-way ANOVA was used to determine the 
significance of difference among the treatments (rat ion levels and pon<l area) with respect Lo 
NWO. ADO and SGR. The multiple range tcsl was used to find out homogeneous groups of 
u-eatments. 
3. Polynomial rcgre ion: On the basis of the differences among effect~ or ration size on the 
growth of fish during different culture periods and in ponds of different areas (as determined 
by the one-way ANOY A), econd order polynomial regres ion was used to determine 
maximum and optimum ration sizes during different periods of the culture and in ponds of 
different areas. 
4. Step-wise regression analysis (forward method): Based on the individual relationships of 
ADO to various water-quality parameters, fi h age and pond area. most of which were round 
highly signficant; i,tep-wise variable selection regression (forward method) was u cd to 
develop model. for predicting the desired ration ize for a particular set of pond area and 
ecological conditions. 
All calculations were made on an IBM compatible PC AT (386) using STATGRAFlCS and 
STGMAPLOT statistical packages. 
Results and Discussion 
Ration size-pond area interaclions and growth 
Two-way ANOVA of the data based on 330 days of cu ltme revealed that both ration size and 
pond area had significant effects on the growth of the fish. The fi h grew be t on a ration size of 
6% of their biomass followed by the 3, I and 0% ration levels. The growth of the fish was also 
affected by the area of the experimental pond. The best growth occurred in ponds of 0.065 ha (650 
m~) followed by 0.008 ha (80 m2) and 0.002 (20 m2) ponds, The differences were tatLtically 
. ignificant (p< 0.000 I). The interaction between ration size and pond area with respect to their 
effec t on fish growth was also significant (p< 0.00 I) suggesting that the fi sh growth was affected 
by pond area and rat ion size rather than by either of the two factors alone. 
Exceptionally, however (as determined by one-way ANOVA), there was no significant 
difference in the growth of fish with respect to an increase in pond area if no supplementary feed 
was provided. Similarly. in the ponds of mallcst area (0.002 ha). an increase in ration level from 
0 to 6% did not cau~c signifi<.:ant differences in fish growth (Table 2). 
The results, therefore, suggest that pond area can be used as an important parameter in 
deciding desired ration levels (in addition 10 the pond ecological condition as established in our 
earlier study. Sehgal and Toor J 99 l ). Since the feeding levels have been found to vary significnLly 
during the three growth stctnzas. S 1 (0-135 days). S2 ( l 35-240 days) and S3 (240-330 days of 
the cu lture) (Sehgal :rnd Toor 1991 ), determination of ration levels in relation to pond size were 
also considered ~cparntely for the:-:e growth stanzas. 
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Table 2. Growth performance of carp Cyprinus carpio commu11is (L.) on different ration sizes in ponds of different area~ 
Growth Pond area Ration size(%) 
parameter (ha) 
0% 1% 3% 6% 
0- 330 days 
Mean initial weight Cg) 0 .002 1.5 1.68 1.5 l.65 
0.008 1.56 1.56 1.55 1.$6 
0.065 1.42 1.65 1.5 1.5 
Mc:in final weight (gJ 0.002 164.04 209.58 232.5 195.99 
0.008 175.98 239. 16 429 .99 5 16.36 
0 .065 173.02 312.14 584 . 19 679.4 
/\OG !gd- 1) 0.002 o.soa 0.638 0.708 0.593 
0.008 0.53 3 o.nb 1,36b i.:nb 
0.065 0.523 0.95c J.77C 2.06C 
SGR C% Wd-I ) 0.002 1.423 1.463 1.538 0.45 3 
0.008 1.43 3 1.s2b 1.1ob l.76b 
0.065 1.603 1.59c J. 81 c I .86c 
0- 135 days 
McJn net weight gain tg) 0.002 68.343 78.173 76.543 75.09° 
0 .008 76.023 SJ . .:rnb 79.093 83 .433 
0 .065 72.363 82.343 85.443 83.003 
ADG (g o 1) 0 .002 0.51 3 o.583 0.573 0.563 
0.008 0.563 0.628 0.593 0.623 
0.065 0 .543 0.61° 0.633 0.6 13 
SGR 1% W d"I) 0.002 2.843 2.863 2.93a 2.843 
0.008 2.89° 2.96a 2.93a 2.968 
0.065 2.833 '.! .9 13 2.988 2.983 
I ?5 240 days 
Mean net weight gain tgl 0.002 73.503 I 08.103 130.203 104.003 
0.008 77.703 I 19.70b 303.sob 300.Job 
0.065 79.803 IM5 .9QC 4 J2.70C 49 I .40c 
ADG1gd-1J 0.002 0.703 1.033 1.243 0 .993 
0.008 0.743 I. I 4b 2.89b 2.86b 
0.065 0.76a 1.77c 3_93c 4 .68c 
SGR C"k W d· l l 0.002 0.693 ().81 a 0.938 0.838 
0.008 0.683 0.8411 1.sob I .43b 
0.065 0.703 1.12b L58c l.84c 
240-330 days 
Mean 11e1 weight gain (g) 0.002 20. 1oa 20.1oa 23.403 15.303 
0.008 20.703 35 . IOb 45.90b s2.2ob 
0.065 18.903 42 3ob 84.60C 103.soc 
ADG (gd·li 0.002 0.233 0.233 0.263 0.176 
0.008 0.233 0.39b o.s1b 0.58b 
0.065 0.21 3 0.47b 0.94c 1.1 5c 
SUR1% wct·l1 0.002 o.1sa 0.123 0. 123 o.o9a 
0.008 0. 153 o.11b 0. 123 0. 143 
0.065 O.J3a o. 16b o.11b 0.18c 
Va lues with lhe same superscript with respect to a single parameter and 3 single ratioo size do not 
differ s ignificantly. 
The application of second order polynomial regression analysis lo the 330-day culture data on 
carp growth sugge led a ignificant relationship between ration size and fish growth in ponds of all 
size . The Rmax values were calculated to be 3.32, 5.54 and 6.71 %, in ponds of 0.002, 0.008 and 
0.0065 ha. respective ly which corresponded to Gmax of 1.52, 1.76 and 1.86% W d-l , 
respectively . The R0 1 values for this period were computed to be 2.58, 2. 79 and 2.80% in the 
ponds of 0.002, O.OOS and 0.065 ha, respectively (Figures I a to 1 c). This relationship was found 
non-significant on the ba is of the data for S 1 (Figures 2a to 2c). 
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Figure 2. Relationships of carp gTOwth (specific growth 
rate) to ration size during o~ 135 days or the 
culture. Rmn• and G"'"' refer to maximum ration 
size and the corresponding maximum growth 
whereas R0Jl, and G0 P, refer to optimum ration 
size and optimum growth, respectively 
This suggested that no feeding was required during this period in ponds of any size between 
0.002 and 0.065 ha. On the other hand, the growth (SGR)-ration (GR) curves based on the data of 
S2 observed steep rises with an increase in the ration sizes in ponds of all sizes (Figures 3a to c). 
The Rmax and Gmax in ponds of 0.002, 0.008 and 0.065 ha were found to be 3.61, 4.57, 5.58% 
and 0.94, 1.55 and 1.84% W ct- I, respectively. Similarly, the Ropt and Gopt in ponds of these 
areas were estimated to be 2.76, 3.0, and 2.93% and 0.92, J .4 and 1.56% W d-1, respectively. 
The GR curves based on data from the last growth stanza in ponds of 0.002 and 0.008 ha area 
rather suggested a negative relationship between fish growth and ration size (Figures 4a, 4b). In 
ponds of bigger area, je. 0.065 ha, the GR curve showed rise with an increase in the ration size. 
The Rrnax and Gmax were calculated to be 4.64% and 0.18% W d- 1, respectively and the Ropt and 
Gopt to be 3.92% and 0.176% W d-1, respectively (Figure 4c). 
Hence, it becomes clear that the requirements for rations to attain maximum growth of 
common carp would vary considerably in ponds of different sizes as well as during periods of 
culture. The non-si·gnificant differences in fi sh growth during S 1 were possibly due to 
unfavourable temperatures (29 to 35°C) whjch probably adversely affected feed consumption 
and/or were due to the availability of sufficient natural food to satisfy the relativeJy smaJl fish 
biomass in the ponds of all sizes. The unfavourable water quality again seems to be responsible for 
the jnability of increased ration size in promoting growth in ponds varying between 0.002 to 0.008 
ha area during last growth stanza (S3). Although the relationship between ration size and fish 
growth was positive in ponds of 0.065 ha area, the increase in fish growth was too little. 
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[n addition to many ecological conditions (which are known to influence fish growth) such as 
temperature (McCormick et a). 1972; Elliott l 975 ; Sehgal and Toor 1991), dissolved oxygen 
(Doudoroff and Shumway 1967), Sehgal and Toor 1991), pH, phytoplankton and zooplankton 
(Sehgal and Toor 1991), the pond area, which showed significant relationship with fish growth, 
was considered for incorporation in the step-wise regression models. The other parameters 
considered were the age and biomass of fish which form the basis of traditional fish feeding 
strategies. The pond area was selected by the regression models only during the middle growth 
stanza (S2) when growth rates were maximum due to favourable ecological conditions. During the 
first growth stanza (S1), the ration size was suggested to be determined by the dissolved oxygen 
and total zooplankton count in the pond irrespective of the pond area. It was only during the last 
growth stanzn (S;i) that fish biomass was found responsible for the determination of ration size 
(Table 3). 
Table 3. The multiple (step-wise variable selection) regression relationships between ration size and different parameters 
Culture period Tank condition Relationship p< 
0-135 days Manured Ration size= -0.17 + 0.48 DO - 0.01 TZ 0.00 I 
135- 240 days Manured Ration size= -4.89 + 10.02 PA+ 0.75 DO+ 0.01 TZ + 0.15 T 0.01 
240-330 days Manured Ration size= -2.19 + 0.01 FB 0 .00 I 
Ration si1.c = Percent (dry feed) of fresh fish biomass; DO = dissolved oxygen (mg/L): TZ = 101al zooplankton (no.IL); PA 
= pond area (ha); T = temperature (°C); FB =Average fish biomass (g). 
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Feeding strategies 
In continuation of our earlier effort to quantify the role of pond ecol.ogical conditions, besides 
fish bjomass and fish age, in dec iding ration size during different phases of fish growth in grow-
out ponds (Sehgal and Toor 1991), the role of pond area in deciding rations was studied during the 
present experiment. 
Using the second order polynomial regression analysis, it was found that there were 
significant relationships between pond area and ration size during the middle growth stanza ( 135-
240 <lays of the 330-day culture of common carp) when the growth was maximum. Thus, the step-
wise regression anaysis was attempted to quantify the role of pond area in addition to the already 
established role of pond ecological conditions and fisli biomass. 
The step-wise regression analysis relationships (Table 3) were used to revise the ration sizes 
and total amount of feed required during the middle growth stanza wh.ich we calculated during our 
earlier ~tudy without incorporating pond area into the models (Sehgal and Toor 199 1 ). The desired 
ration size, with the incorporation of pond area in the model , increased to 3.6 l % againsl 3. l % 
calculated earlier. This accounted for an additional 334 kg of diet which was underfed. 
Considering a mean FCR of 3.37 for thi s period (Sehgal and Thomas 1985) a further loss of 99 kg 
of fish was estimated. The comparison of fish biomass based and fish biomass-pond ecology-pond 
area based feeding strategies are given in Table 4. 
Table 4, Comparison of l"ish biomass based versus fish biomass-pond area-pond ecology based feeding strategies. 
Culture period ActuaJ Estimated Excess Amount of Cost of FCR Potential Cost of Estimated 
amount of amount of omount of feed short feed kg-1 adui1ional fish kg· l loss 
feed feed feed of 1he (INR/ha) fish (INR/ha) 
0-135 dnys 
(2 April - 15 
August) 
135-240 days 
( I S Augusi- 28 
Novemhcr) 
(kg/ha)a (kg/ha)b ( k.g/ha)c: desired biomass 
(k /ha)d (kg/ha) 
3 820 2 930 890 5.25 
4 085 6 614 2 529 3.37 750 
a = Based on Jish biomass; b = based on fish biomass and pond ecology; c = a - b; d = b - a. 
Concl usions 
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The present study revealed that pond area is an important component of fish feeding schedules 
in addition to pond ecological conditions which vary seasonally. The results suggest that desired 
ration sizes should be decided on the basis of fish biomass-pond ecology-pond area rather than on 
the basis of fish biomass or fish biomass-pond ecology alone. Ignoring p ond area, particularly 
during the period of maximum growth, can Jead to the underestimation of ration sizes as revealed 
by the relationships derived by the step-wise regression models resulting in considerab le financial 
losses. It is, therefore , more economical to decide ration sizes on the basis of pond area, pond 
ecological conditions and fish biomass than on the basis of fish biomass alone or fi sh biomass and 
pond ecological conditions. 
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Abstract 
A 14-wcck study was c:irried out to determine the effects of two feeding frequencies on growth and 
survi,·:.il of catfish (C/arim 5pp.) cultured i111ens1vel} m a limited now raceway system. Fish were fed 
twice and four times daily with a commercial diet Ill a foeding level of IO"'t l'lody weight for the first four 
weeks and at 5% hody weight thereafter. 
Average final weight for fish fed four times daily ranged from 165.6 ± 2.5 g to 177.9 ± 4.0 g. nnd 
w:i~ significantly higher compared with those fed twice dai ly ( 133.3 ± 2.4 g). The linal weight 
distrihu1ion of the fish fed twice and fou r limes daily was between JO 10 2 10 g and 80 to 220 g 
respectively. The narrower final weight spread for fish fed four times a day resulted in a more uniform 
mnrke1uble sized fish, which in Malaysia is between 110 to 130 g. 
Introduction 
The succes or the channel catfish culture industry today has been due to the vast amount of 
nutritional information made available (L ovell 1988) and the development of effective and 
appropriate aq uaculture techniques relevant to farmers' need · uch as feeding and management 
practices (Shaner et al. 1982). Catfish aquaculture in Malay ia is largely confined to small scale 
rural farmers who rear them to supplement their income. lnten ' ive catfish cu lture among these 
farmers who have limited land resources can be promoted with the introduction of portable 
raceways. These raceways are easy to set up, economical because the high cost incurred in pond 
constmction is avoided and it also gives the farmer the flex ibility to rear fish when and where he 
desires (AJi L 992). When fish are reared in an intensive culture situation and artificial feed becomes 
the ole nutrient source, competition for food becomes a growth limiting factor (Magnusson 1962), 
eventua lly lead ing to aggressive behaviour and reduced feed consumption (Refstie 1977). Poor 
growth can be overcome by increasing food availability and this is achieved by increasing feeding 
frequency ( Hogendoorn 1981, Holm el al. 1990). Since fish growth is dependent on its culture 
conditions, our objective was to s tudy the effect o f feeding frequency on the growth of catfish 
cultured inten ively in a closed, limited water supply system. 
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Materials and Methods 
The experiment was carried out in portable canvas raceways (460 cm x 92 cm X 122 cm) filled 
with watet to a depth of 30 cm. Approximately half the total volume of water was changed daily 
and no aeration was provided. The temperature throughout the feeding trial ranged from 26°C in 
the morning to 29°C in the early evening. The average DO (mg/L) and NH3 (mg/L) for each 
treatment throughout the experiment is summarised in Table I . 
Table I. The dissolved oxygen (mg/L) and NH3 (mg/L) of the raceways in Treatments l and 2 (Values obtained are data 
combi ned from the replicates) 
Treatment Feeding Frequency Week DissOl\led Oxygen (mg/L) NH3 (mg/L) 
Morning Evening 
2 times/day 1-6 1.6- 2.4 16.7- 19.5 0.05-0.06 
7- 12 2 .2-2 .3 7 .0-8.5 0.05-0.06 
2 4 times/day 1-6 l.2- 2 .4 12.3- 20.0 0 .06-0.07 
7-12 2.0- 2.7 6.0-9.8 0 .07-0.5 
Catfi sh ( Clarias spp. ) fry were hatched and reared to stocking size at the School of Biological 
Sciences, Univers iti Sains Malaysia. Six raceways were randomly stocked with 1200 catfish fry 
per raceway. 
The feeding trial wa$ carried out from 10 February 1992 until 25 May 1992. The fry were 
hand fed a commercjal diet containing 30% protein at 10% body weight for the fi rst four weeks 
and 5% body weight thereafter, at two feeding frequencies. Two replicates of one group were fed 
twice daily at 0800 and 1600 hrs (Treatment 1 ), whilst four replicates of the second group were fed 
four times daily at 0800, 1200, 1500 and 2200 hrs (Treatment 2), Growth and mortalities were 
recorded weekly and food rations adjusted accordingly. At the end of the feeding trial, the fish 
were weighed and mortalities recorded. The weight gain , feed conversion ratio and survival rates 
were calculated. The differences in the growth parameters for each treatment means were tested by 
Analysis of Variance (ANOVA) followed by the t-Test (Steel and Torrie 1960). 
Results and Discussion 
In most fish population a situation of hierarchy or ranking arises (Morse 1980, cited in Holm 
et al. L990) whereby dominant individuals who have better access to food (Magnusson 1962). 
consequently attain higher growth rates (Li and Brocksen 1977). Large variations in fish size 
become more pronounced when fish are cultured in high density, intensive conditions and have to 
compete for food and space. The ensuing aggressive behaviour and competition which prevai ls 
among the population often leads to reduced opportunity to obtain food and thus a reduction in feed 
consump!'ion among the lower ranking individuals (Refstie 1977). Thus, under these 
circumstances, avajlabili ty of food becomes an important criterion in determining growth (Refstie 
l977). 
In this experiment, an overall significant improvement in growth was observed when fish 
were fed more frequently (Table 2). Feeding the catfish four times daily resulted in a significantly 
higher mean final weight of 167.2 ± 2.49 g compared with 133.3 ± 2.44 g for fish fed twice daily 
(Treatment I). Thus, when food rations were given at four djfferent times instead of two, food 
becomes more available, allowing more individuals access to food. The reduction in competitjon 
fo r food in Treatment 2 may explain the better weight gain observed. This is in agreement with a 
previous study on the relationship between stocking density and feeding frequency in rainbow 
trout (Holm et al. l 990) which showed that at high stocking densities, a higher frequency of 
feeding (higher food availability) was important for growth. 
Feed conversion ratio was also lower in Treatment 2 but was not significantly different from 
Treatment l. Similar studies by Andrews and Page ( 1975) also showed no difference in feed 
conversion between fish fed twice and four times daily and suggested that the limiting factor for 
growth was food intake rather than food utilization. 
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Table 2. Effect of feeding frequency on weight guin, feed conversion ratio (FCR) and survival of catfish (Clartas spp.) after 
14 weeks 
Feeding Initial Weight Finlll Weight Food Taken Weight gain (g) 
Frequency (g/fish) (g/fish) (g/fish) 
2 limes/day l.29±0.21 133.3±2.44 252.0 132.0 18 
4 limes/day 1.47±0.10 167.2±2.49 285 .7 165. 73b 
Means in the same column with different superscripts are significantly different (p< 0.05) 
FCR =Food consumed (g)/Weight gain (g:) 
FCR Survival (%) 
1.9ob 56a 
u2b 57a 
Besides the better growth rate obtained, weight distribution also improved when feed became 
more available (Figure 1 ). In Treatment 1, feeding twice daily resulted in a wide and highly uneven 
fish size distribution ranging from 30 to 370 g. The relative frequency of occurrence was mainly in 
the lower weight range of 30 to 210 g and fish weighing 90 g had the highest frequency followed 
by those we ighing 30 g. Weight distribution for fish fed four times dai ly (Treatment 2) was also in 
the range of 30 to 370 g but fish size was concentrated in the higher weight range and with a 
narrower spread of 90 to 210 g. Higher frequency of occurrence was observed for fish weighing 
170 to 21 O g. This observation is probably due to the efficient food distribution as a result of 
increasing the feeding frequency. Another advantage of feeding four times daily in such a system is 
the nanow size spread and thus more unifo1m size fish of between 90-200 g which in Malaysia is 
within the marketable range of 110-130 g. 
The survival rate of approximately 56% for both treatments was low and not significantly 
different. The high mortalitjes which occurred in the first three weeks of the feeding trial were 
more likely attributed to the high stocking density rather than tbe low DO which occmred towards 
the end of the trial (Table 1). Ali (1992) reported survival rates greater than 80% when a lower 
density of 600 catfish fry was cultured usi ng the same portable tank system and at similar DO 
levels of 2.6 ± 0.40 m.g/L. Moreover, being an air breather, the catfish is able to compensate these 
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Figure I . Relative frequency of body weight distribution for catfish fed 
Lwicc :md four times daily respectively afrer 14 weeks. 
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Conclusion 
The catfish is presently an economically important freshwater fish in Malaysia. lts reported 
tolerance to a wide temperature range and diseases (Tan 1991) and air breathing characteristics 
makes it a suitable candidate for culture in such portable canvas tanks. In spite of the constraints in 
size distribution and survival rates, this method of fish culture provides an alternative for the 
prospective farmer who has limited land and financial resources. Further studies are currently 
being carried out to enhance growth by improving the feeding rate and feed quality, and to reduce 
size variation by selective removal of the smaller sized fish. 
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Abstract 
An experiment with the objectives of <.1c1crmin1ng sui table feed type and optimal stocking densi ty 
on growth performance of giant goramy fingerling~ (0.111liro11l'11ws go11ra111y) wa~ conducted al the 
experiment:il station of the Rcsean:h lnstillltc ror Frc~hw:uer Fisheries locoted ut Cir:ita Rcserv(lir, 
Cianjur (West Java). 
Completely r:indomizcd design was employed with a fattorial arrongemenl of treatments involving 
feed type (two levels, with and wi thout growth promoter) and stocking density ( 100. 300 and 500 
individuals per cuh1c metre). 
The fish were reared for ten weeks in noating p11lyetbylene net cages ( I . I 8 x 0.85 x l. I m), or one 
cuhic metrt> ol water volume. The mean i;tarting weight was 45 g. Fur the first four weci...s the daily focding 
rate "a~ 4"1- of the lish hiomas~ an<.1 then 3.59'< until ten week~. the ration being tfopenscd three times 
daily. Adjustment of the <laily feed al!O"-<lMCe was ma<.le e>1ery t11 (1 weeks based on 11ampling. Quixalud 
(contains hal4uinol n~ an active ingn:dient) w:i~ u~ed J~ the growth promoter at the dosage 25 mg/kg feed. 
The protein content or feed was 15.5o/r. 
The results ot sta11st ical analysi s showe<.I that there were no sigmlicant imera1:tions between th..: 
feed type and slocking density (p>0.05) ror all pnramctcrs. 
The different feed 1ypei; di<.I not result in significant differences lp>0.05) for ul l growth parameters. 
Increasing swcking densities were nccompanicd hy :i decrea~c in the average weight gain ; the higher the 
stocking dcno;llies the higher the fce<.1 eon ver~ ion rmio The survival rates were the s:ime (p>0.05) for all 
stocking t.lemilies. 
Ahhough the tcet.I convcr~ion ratio was higher at increased stocking density the mo~1 economical 
wai< at 500 fh h/1113 . The water quality was within the accepltlblc range for normal life of the fish during 
the t:xperiment. 
Introduction 
In Indonesia, fi sh farm ing has been geared towards the intensification of production 
(especially for common carp) where aquat ic animals arc grown in art ificial confinement, for 
120 
example, in floating net cages, at high stocking densities. In these types of culture systems the 
contribution of natural foods to the dietary requirements of the anjmal becomes too small to 
promote good growth. Consequently, supplementary feeding is necessary to achieve higher 
production. The a11ificial feed that must be supplied, either as supplemental or complete rations, is 
the ·ingle. most critical and expensive item in the entire operation. To get good quality feed, it is 
e. sentiaJ to have a balanced nutrient content, in protein, fat , carbohydrate and energy. Besides that, 
using growth promoters is one way to increase growth or production. 
Various growth promoters have been used in animal husbandry, among others quixalud. 
Quixalud contains halquinol as an active ingredient. As a growth promoter, the function of 
quixalud is to decrease intestinal peristaltic movement so it will increase nutrient absorption, 
inOuencing growth and feed conversion ratio. Research on using quixalud in conunon carp feed 
was conducted by Hardjamulia, Suhenda and Supriyadi ( 1987). The results showed that feed 
containing halqu.inol gave better growth and feed conversion ratio. However, its utilizatjon in fish 
feed is limited; one of the reasons being Jack of information regarding its efficacy. 
Besides feed. fish growth is influenced by stockjng density (Vaas van Oven 1957). Higher 
stocking density will give lower growth (Hickling 1971). 
rn Indonesia, giant goramy is an economically important fish but its production is sti ll 1ow. 
Usually, fish farmers culture giant goramy in earthern ponds at a low stocking densjty. In 1981 , 
the production of giant goramy was 4139 t while in J 987 it was 4495 t. It was indicated that 
production improvement is sti ll low (Directorate General for Fisheries J 989). 
To increase fish production, giant goramy should be cultured in floating net cages at a high 
stocking density, using good quality feed and growth promoters. The present experiment was 
conducted with the objective of determing the effect of stocking density and growth promoter on 
the performance of giant goramy fingerlings in noating net cage . . 
Materials and Methods 
Eighteen Ooating net cages ( 1.18 m x 0.85 m x 1.1 m or one cubic metre of water volume), 
made from polyethy lene, located at the experimental talion of the Re earch Institute for 
Freshwater Fisheries, Cirata Reservoir, Cianjur were used and stocked with giant goramy 
ringerlings of average weight 45 g. They were acclimated to lake water for 1wo weeks prior to the 
experiment. 
Completely randomized design was employed with a factorial arrangement of treatments 
involving feed type (two levels, with and without growth promoter) and stocking density (100, 
300 and 500 individuals per cubic metre). Diets were formulated containing isoprotein (25.5% 
crude protein) and isolipid (7.15%), The proximate ana lysis of experimental feed is given in 
Table 1. 
Table I. Proximate analysis of experimental feed (as feed basis) 
Composition with quixalud without quixalud 
Water 9 .80 9 . 10 
Protein 25.52 25 .50 
Lipid 7. I 7 7. 13 
Ash I 3.53 13.50 
Crude fihrc 2 .66 1.87 
NFE 41. 32 42.90 
Note: NFE =Nitrogen Free Extract 
A daily feeding rate of 4% of the fish biomass was u ed for the first four weeks and then 
(until ten weeks) altered to 3.5% of the fish biomass. Feeding frequency was three limes daily. 
Adjustment of the daily feed allowance was made every two weeks based on sampling. Quixalud 
was used as a growth promoter at a dosage of 25 mg/kg of feed. 
Each parameter wa. culculated as follows: 
Weight gain (Weatherly 1972) 
b= Wt - Wo 
b = weight gain (g) 
Wt =average finaJ weight (g) 
Wo =average initial weight (g) 
Net production (Chapman 1967. in Weatherley 1972) 
P = (8 I - BO) + Bd 
P = net production (kg) 
B I - BO =total weight gain (kg) 
Bd =total weight of <lend animal (kg) 
Feed conversion rntio (NRC 1977) 
F 
K = (Wt + 0 ) - WO 
K = feed conver ion ratio 
F = total feed fed (kg) 
Wt = total weight at the end of the experiment (kg) 
D = total weight of dead an imal (kg) 
WO = total initial weight (kg) 
Survival rate 
Survival rate= Final total number of fi h alive x 1 00~ £nitial total number of fish 0 
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Data were analyzed using their mean differences by least significant difference in completely 
randomized design. 
Results and Discussion 
The average weight gain for various treatment is given in Table 2. The re ·ult of tatistical 
:rnaly is howed that there was no significant interaction between the feed type and stock ing 
den ity (p>0.05). 
Table 2. Thi! ,1veragc weight gain (g) of goramy l'nr each lrenlmeol io the 10-wcck rearing period 









8-t . 78 
102.2 1 
Note: GP = ~HO \\ lh promoter 
W<IP = without growlh prnmC1te1 
WGP Average 
122.78 122.23 
94.26 97 .23 
81.33 83.56 
99.79 
The different feed types diJ not result in significunl differences (p>0.05). It is indicated that 
using growth promoter cl id not show a better effect. 
122 
Increa ing stocking densities was accompanied by a decrease in the average weight gain. 
Weight gain decreased significantly (p<0.01) with an increase of stocking density. The highest 
weight gain ( 122.23 g) was obtained at the lowest stocking density (100 fishfm3). The growth 
curves for giant goramy fingerlings fed with different feed types (with and without growth 
promoter) and cultured in different stocking densities for a ten-week period are presented in Figure 
I . The relative growth of goramy for various treatments is presented in Table 3. Production of 
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o = w1th quixalud. I 00 tish/m3 
+= with quixalud, 300 fish/m3 
0 = with quixalud. 500 fish/ m3 
t:i. = without quixalud, I 00 fish/m3 
x =without quixalud. 300 fish/m3 
v"' without quixalud. 500 fish/m3 
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Figure I. Avernge body weighl of fish oy each tre:itment in ten-week rearing period 
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28 5 .68 
1'3hle 4. Production (kg) of gorumy by each 1.reatment in ten-week rearing period 
Stocking density Feed 
(fish/m3) GP WGP Average 
100 11 .485 12.037 fl .76 1 
(255.22) t2n7.40) (261.36 ) 
300 29.720 27.647 
(220. 15) (204.79) 
500 4 l.877 40.442 
(l86. l2) ( 179.74) 
Average 27 .694 26.709 
(220. 50) (2 17.34) 
Note: Values in parentheses are relative net production to initial total weight 
GP= gm,vth promoter 
WGP =without growth promoter 
28.684 
(2 12.4 7) 
4 1. J 60 
( ! 82,93) 
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Tbe lowest stocking density ( 100 fi shfmJ) gave the highest relative growth (37 1.61 %). The 
lowest relative g rowth (285.68%) was obtajned at the hjghest stock ing density (500 fish/m3). 
These values were higher than those obtained in culture in earthern ponds. Fish farmers usually 
cultuJe goramy in earthern ponds with artificial feeds. In a two-month rearing period, the re lative 
growth of giant goramy was only l 00- 150%. Tan ( 1983) indicated that goramy grow faster when 
it is cultured in a good environment and fed with complete diets. Table 4 indicated that the highest 
relative net production (261.36%) was obtained for fi sh which were cultw-ed in the lowest stoclcing 
density ( 100 fish/m3). ft was observed that the higher the stocking densities the h igher feed 
conversion ratio (Table 5). These values are significanUy different (p<0.01) . 
Table 5. Feed conversion ratio for each treatment 
Stocking density 
( fi sh/m3) OP 
I 00 l. $6 
300 1.93 
500 2.1 4 
Average I.98 
Note: GP = growth promoter 











The bes t feed conversion ratio ( l .82) was obtained at the lowest s tocking dens ity ( I 00 
fi sh/m3). Results of statistical analysis showed tbat there was no significant interaction between the 
feed type and stocking dens ity (p>0.05). The different feed types did not result in significant 
differences (p>0.05) in feed conversion ratio, indicating that the growth promoter did not affect the 
feed conversion ratio. 
The surv ival rates of g iant goramy during the ten-week rearing period are presented in 
T:.ible 6. 
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There was no significant interaction between the feed type and stocking density (p>0.05). The 
survival rates were the same (p>0.05) for all stocking densities and feed types. 
The water quality was within the acceptable range for normal life of fish during the 





• C0 2 
• NH3 
= 29°5 C-31 °C 
= 7-7.75 
= 68.45-133.56 mg/L CaC03 eq 
= 3.57-6.91 ppm 
= 5.39-7.79 ppm 
= ~0.037 ppm 
The results obtained from this experiment indicated that supplementation of growth promoter 
in the diets is not necessary. Different feed types (with and without growth promoter) did not result 
in . ignificant differences (p>0.05) for all growth parameters. The cocking density influences the 
weight gain, and feed conversion ratio. The higher the stocking density the higher the feed 
conversion ratio. 
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Abstract 
Forty-five-day old fry of mahseer Tor p111titora hrcd at the Fishene~ Research Centre. Pokhara were 
rcan:d ror 40 days on different diets. The fry or mahsecr fed with plankton and reared in cages in an earthen 
pond grew at a rate of 24.9%/day. and was followed ny thost: fed on fish meal + hoiled chicken egg 
(5.6%/duy), fed on plankton and reared in the tank (J.6~/day) and fed with soybean + boiled chicken egg 
(2.:V-t /day). in order. The fry fed soypowcler +whole chicken egg showed abnormalities. curvature of the 
vcncbral columns near the caudal tin. The survival rale of fry was ahove 90~ in all treatments except in 
fry fed soybe:in + whole chicken egg (851* ). However. the growth rate or the fry w:is enhanced when fed 
with plankton + soybean + oilcakc + egg. reared in a cage in the e:irthcn pond. 
Introduction 
Mahsecr, Tor spp. locally called ·sahar' is a very popular game fish in Nepal. In Nepal 174 
fish species arc listed, of which two are species of mahseer; Tor tor and Tor puttitora. Originally, 
mahseer was a hill stream fish but they also occur accidentally in lowland areas during migration 
(Shrivastava 1968). Mahseer is considered a delicious food fish and fe tches a higher price than 
other fish in Nepal but the annual catch of this spec ies has declined (Shrestha and Gurung 1987). 
Over- fil'hing, damming of rivers and natural calamities (flooc:Ling or land s liding) destroy not only 
the breeding ground of this species but also destroys brood fi sh inc luding fingerlings, fry, 
hatchlings and eggs. To maintain or to increase the fish population conservation, as well a the 
development of technology for breeding, rearing and nur ing of fry and fingerlings, is essential. 
either in culture or as stock in open water bodies. 
Mahseer is a carn ivorous (Malhotra 1982) intermediate (Macdonald 1948) and its age and 
growth has al o been studied (Pathani 1983) as well as its spawning (Masuda and Bastola 1985; 
Shre. tha et al. 1990). However, the larval rearing of mahseer i not fully developed. This paper 
presents some preliminary results from a feeding experiment with mahseer fry designed to test the 
effect. of different diets on growth. 
Materials and Methods 
Six plastic fibre glass tanks ( I 00 L) and cages (50 m3) of 2 mm stretch mesh made of nylon 
1winc were u. ed for the experiments. Plasti c fibre glass tanks were set in a hatchery with 2 
rep I icatcs for each trial :rnd filled with 80 L of water. Eighty fry of 0.03 1 g average weight were 
stocked in each tank. Cages were fixed in an earthen pond which was fe rtili zed with organic 
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manure (800 kg/ha) and inorganic fertilizer (40 kg/ha) , and stocked with 5630 fry/cage. The fry 
used in the experiments were 45 days old and were bred in the centre. Four different diets were 
used for the study. Diets used were plankton; fish meal (75%) +whole boiled chicken egg (25%); 
soybean (50%) +whole boiled chicken egg (50%) for rearing in the tanks; and plankton+ soybean 
(75%) + oilcake (25%) +one whole boiled egg in the cages respectively (Table 1). 
The fry in plastic tanks were fed five times a day but those in cages only twice a day. The 
pianktOn was collected with a Wisconsin plankton net of 80 µm size from earthen ponds and fed to 
fry in the tanks. Aeration was provided continuously and water exchanged twice a day (morning 
and evening). The water temperature in each treatment and secchi disc in the pond were measured 
daily. The study was carried out for 40 days and growth determined. 
Table J. Mean weight, total lenglh, survival rate and growth rate of fry of ma.hseer Tor pullitora in a plastic tank and in a 
cage in an earthen pond fed with di fferent diets 
Diets 
Plankton Fish meal Soybean Plankton 
in tank +whole egg +whole egg +soybean 
+ oilcakc 
+whole e 
Mean weight (g) at stocking 0.03 1 0.031 0.031 0.031 
Mean total length (mm) at 14.6 14.6 14 ,6 14 .6 
stocking 
Number stocked (no.) 80 so 80 80 
Rearing days 40 40 40 40 
Mean weight (g) at harvest 0.076 0.101 0.060 0.340 
Mean total length (mrn) at 20.1 20.2 20. 1 30.3 
harvest 
Mean growth rate %/day 3.6 5.6 2.3 24.9 
Survival rate 97.5 95.0 85.0 90.5 
ResuJts and Discussion 
After forty days of readng fry on different diets, the highest growth (24.9%) was obtained 
from those fed natural food + soybean + oilcake + whole chicken egg in the cage set in the earthen 
pond. followed by those fed fish meal + whole egg (5.6%/day), plankton (3.6%/day) and soybean 
+whole chicken egg (2.3%/day), in order. (Table 1). The highest mean weight of 0.340 g from 
0.031 g initial weight was attained from fry reared in the cage in the natural pond fed with natural 
food+ soybean+ oilcake +whole egg. Lowest growth occurred when fed on soybean+ whole 
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Figure I. Effects of different diets on the growth of mahseer fry 
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The survival rate of fry reared on the four different diets was above 85%, rising to 97.5% 
when fed plankton in the plastic tanks fo llowed by those fed soybean + whole chicken egg 
(95.0%) and fish meal+ whole chicken egg (90.5%). The water temperatures in the tank and the 
pond were not much different and varied from 22.5°-3 l.0°C and the secchi disc visibility ranged 
from 29- 31 cm in the pond during the study. AbnormaJly-bent bodies near the caudal fin were 
seen in some fry fed with soybean + whole chicken egg which might be due to the lack of animal 
protein for normal growth. 
These results showed that rearing of mahseer fry requires natural pond conditions with 
sufficient natural food and additionaJ protcinous supplementary feed containing animal protein for 
better growth. Rai el al . ( L992) also reporced thal larvae of mahseer fed with plankton showed 
better growth when fed with other supplementary die~ . Kulkarni ( 1970) reported that mahseer fry 
grew 170-200 mm in length within four months when reared in natural ponds. The fry of katle, 
Acrossocheilus lzexago110/epis aJso showed better growth when fed with 30% prote in content feed 
+ plankton (Rai 1990). These resulls show that natural ponds with enough natural food need to be 
maintained in addition to supplementary protein-containing feed to promote the growth of mahseer 
fry. 
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Int roduction 
Nutrition research is essential not only for feed development and p rofitable aquaculture, but 
also to help ro obtain a better environment wh ich is affected by quality and quant ity of feed. A 
sufficient body of information on nutrient requirements of cultured spec ies wouJd provide 
culturists with a good basis for devising effective solutions to problems that arise when something 
goes wrong in the cu lture system. Compared to livestock husbandry, such as poultry and swine, 
fish nutrition is a relatively young research area. It is further compJicated by concern for water 
quaJity; there is loss of nutrients during delivery of nutrients to fish. The Joss is inconsistent so that 
the nutrient requirement level is much lower than the dietary requirement. The requirement level is 
also affected by water quality or stress induced by poor water quality. Ingredient quality also 
affects the nutrient requirement level. These factors make comparisons between nutrition research 
results difficult. Mistakes made during experimentation should be documented so that young 
researchers will not repeat these, thus saving ti me, money and other research resources. 
This paper descri bes some important considerations in and offers some recommendations fo r 
conducting fish nutrition experiments. This info1mation is mainly de1ived from our expe1ience, and 
from Zein-Eldin (1973) and Castell and Tiews ( 1980). 
Ingredients 
Quality and quantity 
Use the mosc practical or purified ingredients for nutrient requirements study, otherwise the 
requirement level might be unreasonably high due to the nutrient quality or because the feed is not 
well accepted by the test animal. Do not use old ingredients; this often happens in some research 
laboratories which purchase a large amount of an ingredient and use it over one or two years. This 
might lead to a wrong conclusion due to the unpalatabil ity or deterioration of some nutrients in the 
ingredient. This adverse affect mjght be greater than the effect of the treatment. 
The amount of ingredients needed for the entire experiment should be calculated. These 
ingredients should be procured jn bulk and kept in good storage conditions. It is advisable to 
purchase the whole Jot at one time to ensure that the quality of ingredients for the experiment 
remains constant. When more than one lot of ingredients is used, they are li kely to have different 
qualities . leading to inconcJus_ive or misleading results in some cases. 
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For example, for a study on the effect of different lipids on the growth and health of sea bass, 
the protein sources were to have no or very low lipid contents . In this study, casein, gelatine or 
defatted fish meal was to be used. However, the first two protein sources were not well accepted 
by sea bass and defatted fish meal is expensive and troublesome to prepare. Therefore, a low fat 
fish had been iden tified and prepared as fish meal and used instead of defatted fish meal. 
Unfortunately, the experiment took longer than expected so that a new batch of fish meal and new 
test diet had to be prepared and fed to the fish but it was done without realizing that the fat level in 
this new fish meal was extremely high. The result was that the basal diet had enough essential fatty 
ac id and no significant difference showed among fish fed diet supplemented with palm ojl, rape 
seed oil, soybean oi l or cod liver oil. Therefore, if new ingredients are needed for any reason, they 
should be analyzed before feed formulation and pre{i>aration so that adjustments can be made or 
unsuitable ingredients avoided. 
Comparison of qualities 
For studies on ingredient quality, such as comparing the growth pe1formance of fi sh meal 
from different counofos, the researcher must be familiar with the details of processing, somces of 
raw material, grades of fi sh meal, criteria for each grade, storage time and conditions and standard 
of fish meal for each animal feed. Crude protein and ash levels are criteria for grading fish meal in 
Thailand. There are four grades of fish meal in Thailand, nrunely, shrimp grade (>68% CP), grade 
A (>63% CP), grade B (>60% CP), and grade C (>55% CP). The differences are due to the raw 
materials. There are two types of Danish fish meal; one is processed at low temperature the other 
under normal temperature. Both have a rather high crude protein content (> 72% CP). For a study 
comparing the performance of Thai fish meal and Danishfisb meal for shrimp or sea bass, the Thai 
fi h meal used shou ld be shrimp grade or grade A. The total volatile nitrogen, biogenic amine 
index, free fatty acid, peroxide value, and anfaidine value of fish meal tested should be determined 
to expJain the results obtained, and for fish meal quality improvement. 
An erroneous conclusion could be arrived at because of lack of knowledge about the 
ingredient. For example, a study on soybean meal as a substitute for fish meaJ in fish diets should 
consider that (a) fish meal is not only a better protein source for fish but also a fat ty acid source for 
marine fish and that (b) phosphorus in soybean meal is not available therefore, a balance of fish oil 
and avai lable phosphorus in an isonitrogenous soybean diet is needed. An equal or inferior growth 
performance to the fish meal diet is to be expected. However, if the experiment shows that soybean 
meal in fish feed gives a better performance than fish meal as a sole protein source, the fish meal 
used could have been of poor quality rather than a standard fish meal. In short, the result obtained 
above is misleading. 
Die ts 
Identification of test diets 
The ful l name of aJ l ingredients used shouJd be given for all prepared feeds. Feed composition 
w ith details of vitamins, minerals and additives should be provided. This will clarify the results 
and provide information for readers to enable them to draw their own conclusions. For example, 
an advertising document claiming that adding 100 ppm astraxanthin significantly improved growth 
and immunity in Penaeus mon.odon, without giving details of feed composition, experimentaJ 
procedure, results and interpretation of results was unclear, as it was not speci fied whether the 
pigment sources would have been used as vitamin A (if the diet lacked vitamin A) or whether the 
effect was due to some impurity in the source which contained 8% pigment only, or whether it was 
really due to the pigment itself, as claimed. 
R eference diets 
ft is recommended that each fish or shrimp nutrition experiment has a standard reference diet, 
a positive or negative control diet and treatment diets. The principle of the use of a reference diet is 
to enable the researcher to determine whether the experimental conditions are optimal for growth, 
the test animal is in good health, and the positive control diet is as good as the refe rence diet. 
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An experiment on vitamin Cleveland source in Penaeus monodon diets cariied on for six 
weeks showed that growth was only double and survival was only 50-60% for all diets tested. 
Because the reference djet had the same performance this indicated that the poor growth and 
survival was due to the experimental conditions or poor condition of experimental animals. The 
condition of experimental animals might have been the main factor because turbid water might 
contain high nutrients giving a result that is not significant between negative control and treatments 
but should not cause high mortality. 
The reference diet can be the best diet developed by the institution or one of the best 
commercial diets in the country. 
The positive control diet should supply all nutrients required by the test animal and allow 
optimal growth and survival during the experimental period. The optimal growth and survival rate 
for each species and experimental conditions need {()'be established. The optimal growth rate for 
sea bass in aquaria was 1 to 20 or 30 g in 8 weeks and 95-100% survival. The optimal growth rate 
for shrimp was I to 7 or 8 gin 8 weeks and 75 to 90% survival. 
Purified diets 
When an amino acid mixture is used us attractan t in semi-purified diets, the adjustment or 
neutralization of pH is required. The. optimal dietary pH for fish is 7.5; for shrimp it is 8-8.5. Acid 
or alkaline diet conditions will affect palatability and nutrient quality. 
When a purified diet is used for vitamin requirement study in carnivorous fish, the dietary 
protein level must be fom1ul:lted to be higher than the optimal level reported for practical diets. The 
reason is that fish cal relatively Jess of the purified diet and thus grow less. Therefore, partial 
compensation has co be made through a higher dielary protein level which results in higher protein 
intake and greater growth. 
Feeds, Feeding and Experimenta tion 
Feed processing 
Mixing may present special problems. The uniform size of ingredients helps achieve a 
homogeneous mixture. Therefore, all ingredients need to be ground to the same size before 
weighing and mixing. Preparation of premixtures of microcomponents will facilitate more 
hon10geneous distribution. Homogeneous mixing is very important jn diet preparatfon especially 
for those micro-ingredients and markers. In a digestibility study where chromic oxide is used as 
inert marker, if mixing is not homogeneous the dietary chromic oxide level can vary from 0.2 to 
0.8 irn:>tead of 0.5. This will affect the digestibility of test nutrient . 
Another problem in mixing is posed by the vitamin content. An example is adding 30 and 60 
ppm of vitamin in diets 1 and 2 using a machine that has a capacity of 2 tonnes/hr. In this case, a 
sample of 20 kg each was taken for the experiment. From the analysis we found that diet I 
contained 50 ppm and diet 2 had 40 ppm vitamin. A wrong conclusion would have been reached if 
vitamin contents in the test djets were not analyzed. 
Forms <~f feeds 
The physical form of presentation will depend on the preference of the experimental animal, 
the acceptabilit y being affected by the training of the animal and the facilities available to the 
researcher. Diets may be presented as microencapsulated or flakes, for fish or shrimp larvae who 
spend most of their time in the water column. A pellet that sinks to the bottom is given to post-
larvae or marketable size shrimp that spend much of their time on the bottom. Shrimp feed should 
be stable in water for 2-3 hours and attractive since shrimps sense feed by chemo-receptors not by 
eye and find feed by touch which takes a long tirne. 
Carnivorous fish such as sea bass. grouper, ycllowtail and red sea bream prefer moist feed but 
they can be trained to eat dry feed. A dry slow-sinking pellet i$ preferred by carnivorous fi sh; thus 
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mo t culturist prefer to give this kind of feed becau e the fish eat in the water column and soft dry 
feed is easy to handle and store . 
Omnivorous and herbivorous species such as catfish, tilapia and carp accept any form of feed 
but floating feed allows observation of feeding activity and is less likely to result in over-feeding. 
However. under-feeding may happen in fish wjtb small stomachs if the fe.ed is too bulky. Fish 
would not get enough nutrients even if the stomach were full. 
The form of feed used in an experiment depends large ly on the researcher's facil ities. 
However, powdered feed houJd be avoided in experiments because of loss of material. 
Feeding procedures and f requency 
The feeding methods employed in fish nutritional experiments are feeding to satiation, feeding 
a !-iet amount and pair feeding. Feeding at a set level (% of body weight) will give metabolic 
effic iency response information only and might result in over-feeding the nutrient-deficient group 
and under-feeding the nutritionally complete group once appetites are affected by rhe treatment. 
Feeding to satiation is more desirable particularly with carnivorous species. By feeding slowly, 
and carefully watching a. the fish eat, the experimenter can feed the fish closer to their maximum 
rate of consumption withoul over-feeding and is able to observe possible nutrition deficiency 
symptoms. Feeding to satiation will provide both feed intake response and metabolic efficiency 
response information on the test nutrient. Determination of protein retention and fat retention will 
permit the separation of metaboJic efficiency response from the feed intake re ponse. A clearer 
separation of feed intake response and metabolic efficiency response can be obtained by pair 
feeding, however. more treatments, facilities and labour are required. 
Feeding to satiation is not practical in shrimp nutrition re earch because shrimp eat very 
s lowly and often. Therefore. feeding at a set level according to their body weight and finely 
adjusted to the demands of different physiological stages, temperature and water quality is mo~t 
~uitable. 
Feeding rate of larvae i different from juveniles or adult . Larvae spend much of their time in 
1he water column. The feed presented not only has to be su pended in the water column but aJ o 
has 10 be dense enough o that it is frequenlJy encountered by the larvae and thus ingested. The 
optimal density of culture animal and feed is very important for artificial feed experiments. The 
f ceding rate has to be based on both volume of water and number of larvae. If stocking rate is low 
and feeding is ba. cd on the volume of water, the water will be polluted and might kill all the 
hrimp. On the other hand, if we feed according to the number of larvae, the larvae would rarely 
encounter the feed resulting in high mortality. Concentration of nutrients in the feed also affects the 
feeding rate. Fish eat to satisfy rheir energy requirements and would therefore eat more of a low-
energy diet lhan a high-energy diet. 
Optimal feeding frequency in fish is influenced by the anatomy of the digestive tract. The size 
and !'hape of the stomach as well as the length of the intestine indicate feeding frequency. 
Swmachless fish have to be fed more than three times a day while fish with large and well-
developed stomachs feed only once or twice a day. Feeding once a day or every two days is 
enough for sluggish fi h such as sand goby and grouper in grow-out. Larval fish have a short 
digel\live rract and high metabolic rates so that they need to be fed about every two hours. Shrimp 
. hould be fed four lo five times a day because of their small stomachs and short intestines. Feeding 
more often than necessary wa tes time and cause size variation , particularly in fish given several 
.;;mall meal.. 
Star vation co11 trol 
A tarvat ion control is needed in larval feed expenments for those fish of which little is known 
about their performance. rn a case study with sand goby larvae fed bacteria for 14 days, survival 
rate wa. I 00% up to 14 days. The conclusion was made that red bacteria is an appropriate feed for 
newly hatched larvae under 14 days old. The researcher is a microbiologist who did nor realize that 
sand goby larvae can survive for 14 days without feeding. A starvation control is also needed for 
some outdoor pond experiments where natural food is present. This enables the researcher to 
differentiate the effect or contribution of natural food from the treatments. A non-protein feed is a 
treatment required in a nitrogen balance study for obtaining metabolic faecal nitrogen. 
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Experimental conditions 
For micronutrienl requirement studies conditions should be such that the water or experimental 
tanks should be completely devoid of natural food. Therefore, the supply needs to be filtered and 
tanks have to be in the dark or covered. 
The choice of experimental conditions that are standard, reproducible and optimal is the first 
problem for nutritionists. Aquatic animals pose an additional problem for nutritionists who must 
know how the fish or shrimp grow well, have a knowledge of optimal temperature, salinity, pH 
and stocking density, as well as be able to provide adequate water, aeration and effective removal 
of wastes. 
The optimal expe1imental conditions for sea bass nutrition research based on the experiences at 
the National Institute of Coastal Aquaculture is as follows: stocking density of 15. 2.5 cm fish per 
45 L aquarium with flow-through filtered seawater at a flow rate of 0.7 L/mio and adequate 
aeration to provide dissolved oxygen at 4.5-5.0 mg/L; pH 7.8-8.5; temperature 28-29°C. Final 
biomass is 300 g/aquarium in 8 weeks. Some unfavourable conditions might have greater effect on 
growth than the treatments, therefore the effect of the treatments would not be clear. This would 
result in an erroneous conclusion. 
Zein-Eldin and Meyers (1973) reported that a recirculation system with bottom filters and 
sterilized water js more successful jn promoting the growth of juvenile brown shrimp Penaeus 
aztecus than a cleaner flowing water !\ystem. However, a suitable water system depends on quality 
and quantity of the water supply in an area. Therefore, the suitable experimental conditions in each 
laboratory need to be established. 
Experimental animals 
ft is impossible for an investigator to make an intelligent comparison between groups of 
animals without an adequate knowledge of the normal variability within the experimental 
population. Differences in growth rates among individual shrimp and sea bass seem to be greater 
than in omnivorous or herbivorous species. This inherent. variability makes interpretation of data 
even more difficult when comparisons are made between groups of only 10-15 animals: the mean 
may be markedly affected by the presence of one rapid- or one slow-growing shrimp or fish. This 
can be solved by acclimatizjng the animal to a control feed, and grading the fish or shrimp twice in 
twenty days to get the unifonn size which accept an artificial feed. Size variability in carnivorous 
fish and shrimp is a problem which must be recognized and this variable must be duly considered 
before starting an experiment. 
Test animals should be deliberately selected for maximum homogeneity and then randomly 
distributed among treatment groups in appropriate numbers relevant to the hypothesis of the study 
to fulfil the biologjcal and statistical requirements of the experiment. 
Differences in the number or weight of experimental animals at the start of an experiment 
should be avoided. However, if these variables were not observed before starting the experiment, 
statisticaJ test of slope can be used to evaluate the difference instead of testing the means. 
Replication 
The number of replicates depends on the variability of the test animals, the desired accuracy of 
the experimental results and the degree of difference expected between treatments. For a small scale 
experiment in aquarium or tank, three replicates are desirable for fish and five replicates for 
shrimp. Replication is of immense importance because it enables the experimenter to perform 
reliable statistical analysis. 
The number of animals per replicate will depend on homogeneity, size and limitations of the 
system and should include at least the minimum number of animals for statistical analysis. The 
maximum number will depend upon the carrying capacity of the system. 
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Experimental period 
An experiment should be continued until there has been a ten- or twenty-fold increase in fish 
size or at least a four-fold increase in shrimp size or until a significant difference is observed or 
deficiency signs occur. 
Growth measurement 
Growth or total weight in each aquarium or tank should be determined at the start, the end and 
at least twice in between, or at the break point if it is 1known. Weighing of each individual should 
be avoided as it causes too much stress. Nevertheless, at the end of the experiment individual 
weights or lengths can be determined for size distribution study , and for estimating the health 
status of fish. The inherent errors in wet weight determination must be recognized. The 
recommended procedure is to net, anaesthetize, and blot dry the fi sh with a cloth and then count 
them in a prepared plastic box with a cover before wejghing. The total weight and number for each 
aquarium hould be recorded in absolute terms. However, the specific procedure used for 
weighing must be stated. 
Growth measurement in between the start and end of the experimental period will provide 
information on what exactly happens during each subperiod in addi tion to the overall 
comprehensive result. T his allows for a more precise conclusion. However, unnecessary handling 
of test animals should be avoided. 
Growth has frequently been presented as per cent gain either in mean weight or biomass (total 
weight). The inlerpretation of this value is complicated when comparing groups of animals of 
varying initial weights, as per cent increase is inversely related to initial weight. Since growth is a 
function of time. the use of a simple method of data presentation is recommended, i.e. graph of 
mean weight or biomass versus elapsed time. Growth data by mean weight should be presented 
along with a survival graph. 
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Workshop Recommendations 
I. The workshop recommended that every effort be made to continue the network activities 
as they have contributed significantly to enhanc ing the quality of fish nutrition research in 
Asia. particularly in changing the direction of research to a more appl ied. systems 
approach rather than a commodity approach. 
2. There was general agreement that more research effort s hould be expended on 
understanding the nutrient requirements of cultured species in semi-intensive systems, 
and the effectiveness of utilization of supplementary feeds in such systems. 
3. The workshop recommended that a training course be conducted on methodologies of 
determining the supplementary feed/nutrient requirements of target species in semj-
intensive culture systems. The workshop noted that jn view of the varying nature of the 
prevalent culture practices in semi- intensive systems that standardisation of the ensuing 
resul ts would be difficult. However, adoption of similar methodologies throughout the 
region will still permit useful comparisons to be made which would have a beneficial 
effect in increasing production and sustaining growth of the systems. 
4. The workshop commended the initiation of the network in its efforts to compile reference 
list of research findings published in national languages. 
The workshop recommended that this activity be continued and extended furthel' , if 
resources permit, to provide researchers with English translations of selected articles. It 
was expected that members of the network would do the translations on an honorary 
basis. 
The workshop felt thal activity associated with information on the literature is an 
important function of the network, and that all attempts should be made to retain this 
activity. in spite of financial constraints. 
5. The workshop welcomed that a !ruining course was to be held immediately afterwards. It 
expressed the view that the planned format and structure of the training course is relevant 
to fish nutrition researchers in the region. 
The workshop recommended that all efforts be made to organise such training courses, 
ideally following workshops so that the costs could be reduced, and that these training 
courses should be publicised extensively in the host country to attracc resident young 
nutrition researchers to such courses. 
6. The workshop reconunended that the thrust in fa1m-based nutrition research, and that in 
semi-intensive systems should be continued. It also noted that the change in the attitude 
of nutrition researchers to adopt a more 'bottom-up' approach was welcome and should 
be encouraged further. 
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Accordingly the workshop re-endorsed that priority for research support and funding be 
directed to: 
(a) areas of research on the role of supplementary feeds and feeding in semi-intensive 
aquaculture systems; 
(b) areas of research concerned with feed costs saving (direct or indirect); and 
(c) fish nutrition research under 'on-farm· condition . 
The workshop was of the view that research on the basic nutrient requirements of those 
species on which little information is available should be encouraged. Because of the 
long- term nature of such research, co t and.often difficulty of acquiring proper purified 
ingredients. the major support for research funds for basic nutrient requirement studie 
must be ought through the country's own government research agencies. The workshop 
felt that research on nutrient sys tems should be given priority and the relevant 
methodologies be developed, reiterating recommendations made earlier. Applied fish 
nutrition is considered more useful for aquaculture development in the region because 
findings from such research have direct applications in diet formulation and feed 
production. 
7. The workshop noted that fish farmers, e pecialJy in emi-urban areas, are increasingly 
being induced to use commercial feed which are not spec ifically formulated for the 
specie cu ltured or for semi-intensive systems. Such activity incurs higher feed costs and 
over-burdens the system with exces nutrients . The workshop therefore recommended 
that governments be urged to introduce more and correct information on the packaging. 
8. The participants noted that use of commercial feeds in semi-intensive culture practices, 
panicularly in coasta l and semi-urban areas has increased over the years. This trend has 
al o re ulted in the establishment of small -scale feed mill in some countries which are 
attempting to fill a particular market niche. These small-scale manufacturers however, 
often do not have R & D components. The workshop recommended chat fish nutrition 
researchers initiate collaborative research with commerc ial feed manufacturers, a!; they 
have done with fanners. which will be beneficial to smal l- cale manufacturers and lo the 
industry at large. 
9. The parricipants were of the view that the present workshop has been very useful, as 
were the previous ones, in providing a forum to discuss their research findings and future 
research openly and uninhibitedly. The workshop also has enabled them to adopt proper 
techniques or to improve on techniques already used, and most of all to obtain first-band 
knowledge of ongoing related work in the region. 
The workshop therefore recommends that future meetings of this nature should be held at 
regular intervals. 
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